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PREFACE TO THE THIRD eMUON. 

No science Is more generally interesting, than 
tliat \\hich explains the common phenomena of 
life. We see that salt and snow are both white, 
a rose red, leaves green, and the violet a deep 
^lurple ; but how few persons ever ask the reason 
why! We know that a flute produces a musical 
sound, and a cracked bell a discordant one—that 
fire is hot, ice cold, and a candle luminous—that 
water boils when subjected to heat, and freezes 
from cold; but when a child looks up into our face 
and asks us “ why,”—^how many times is iL silenced 
with a frown, or called “very foolish for asking 
such ■'illy (questions I*’ The object of the present 
book is to explain about 2000 of these questions 
(vhicli are often more easily asked than answered) 
in language so simple that a child may understand 
it, vet not so childish as to offend the scientific. 
Tn order to secure the strictest accuracy in the 
answers, the most approved modem authors have 
been consulted, and each edition has been submitted 
to the revision of gentlemen of acknowledged repu¬ 
tation for scientific attainments. Sincere thanks 
are due to the Rev. A. Bath Pow’’er, M. A., 
and to Robert James Mann, Esq. of Buxton, 
for their most careful revisions of the whole book, 
for manv excellent hints, and useful additions.-' 

* Simeon Simons, of Cromer, furnished some 
useful hints for the second edition. 



Ill conclusion, the almost unparalleled success of 
this little volume, of which 10,000 copies have 
been printed in 12 months, is an incontrovertible 
proof of its acceptability; and has induced the 
author to spare neither labour nor expense to 
render this third edition of the “Guide to the 
Scientific Knowledge of Things Familiar” instruct¬ 
ive and amusing to the young, as well as to 
those of maturer life. 

To teachers of schools it may be advisable to 
state, that, as every question has been again and 
again submitted to a most rigid investigation, no 
material alterations will be made in future editions; 
although such as may be needful, to render the 
hook most generally useful, shall be adopted 
from time to time, as subsequent reprints may 
he demanded. 

Kh}q*s College Schoolt Norwich^ 

Fch, 1st, LUO. 
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PART 1. 


HEAT. 


INTRODTTCTION. 

Q. What is heat ? 

A. The sensation of warmth. 

Q. How is this sensation produced ? 

A. When we touch a substance of 
higher temperature than ourselves, a 
siibtle invisible stream flows from the 
hotter substance, and produces in our 
nerves the sensation of warmth. 

Q. What is that subtle hmrisihle stream'' 
called, which flows thus from one body to another ? 

A. Calo'ric. Caloric, therefore, is 
the agent, which produces the sensation 
of rvqfirmth; but Heat is the sensation 
itself, produced by the influx of Calo'ric. 

B 
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HEAT. 


Q. TVhat are the four principal sources qf 
heat ? 

A. 1.—The Sun. 2.—Electricity. 
3.—Chemical Action; and 4.—^Mechan¬ 
ical Action. 

Q. What are the principal effects of heat P 

A. Expansion, Liqi:- .faction. Vapo¬ 
rization, and Ignition. 


CHAPTER I. 

Q. What is the principal source of Heat ? 

A. The Sun. 

Q. Why do burning glasses set fire to 
substances siihmitted to their poiver P 

A. Because the rays of the sun, 
collected by the Burning Glass, are all 
bent (as they pass through it) to one 
point, called the ‘'focus;” in conse¬ 
quence of which, the light and heat of 
this point are very greatly increased. 



ELECTRICITY. 


3 


Q. Why is there a dabk bim round this 
focus ? 

A. Because the rays of light, which 
should have fallen there, are hent into the 
focus ; and the space around (being 
deprived of these rays) is accordingly 
darkened. 

Q. Are all the rays hent into one point? 

A. No, not quite ;all: and, therefore, 
the rim round the focus is only slightly 
shadowed. 


CHAPTER II. 

Q. What is the second chief source of Heat ? 

A. Electricity. 

Q. What is LIGHTNING ? 

A. Lightning is accumulated Elec¬ 
tricity discharged from the clouds. 

Like that from a ** Leyden jar.” 

Q. TFhat causes the discharge of an electric 
cloud P 

A. When a cloud overcharged with 
electric fluid approaches another which 

B 2 
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ELECTRICITY. 


is under-charged, the fluid inishes from 
the former into the latter, till both contain 
the same quantity. 

N. B. Some persons think there ore two different sorts of 
Electricity—one Vitreous, and the other Resinous. 

Q. Is there any other cause of lightningj 
besides the one just mentioned ? 

A. Yes; sometimes mountains, trees, 
and steeples, will discharge the lightning 
from a cloud floating near; and some¬ 
times electric fluid rushes out of the earth 
into the clouds. 

Q. What produces electricity tw the clouds ? 

A. 1st—The evaporation from the 

earth’s surface; 

2ndly—The chemical changes per¬ 
petually going on upon the earth’s 
surface; and 

3rdly—Currents of air of unequal 
temperature excite electricity hy friciiony 
as they pass by each other, 

Q. How HIGH are the lightning-clouds 
from the earth ? 

A. Electrical clouds are the lowest of 
all clovds; they are rarely more than 
^,700 yards above the ground; and 
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sometimes they actually touch the earth 
with one of their edges. 

Q. How high are the clouds generally f 

A. In a fine day, the clouds are often 
4 or 5 miles above our head; but the 
average height of the clouds is from 1^ 
to 2 miles. 

Q. Why is lightning sometimes forked ? 

A. Because the lightning-cloud is a 
long way off; and the resistance of the air 
is so great, that the electrical current is 
diverted into a zig-zag course. 

Q. Why does the resistance of the air make 
the lightning zig-zag ? 

A. As the lightning condenses the 
air in the immediate advance of its path, 
it keeps flying from side to side, in order 
to pass where there is the least resistance, 

Q. Why are there sometimes two flashes of 
forked lightning at the same moment P 

A. Because (in very severe storms) 
a flash of lightning will divide into two 
or more parts; and then each branch 
assumes the zig-zag form. 

Q. Why is the flash sometimes quite 

STRAIGHT ? 
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ELECTRICITT. 


A. Because the lightning-cloud hovers 
near the earth; and as the flash meets with 
veiy little resistance it h not diverted; or 
(in other words) the flash is straight. 

Q. What is sheet lightning r 

A. It is either the reflection of distant 
flashes not distinctly visible:* or else 
several flashes intermingled. 

Q. What OTHER /orw does lightning occasion¬ 
ally assume P 

A. Sometimes the flash assumes a 
globular form ; which is the most danger¬ 
ous form of lightning. 

Q. What are those balls of fire, which some¬ 

times fall to the earth in a thunder-storm ? 

A. Masses of explosive gas formed 
in the air: they generally move much 
slower tlian lightning. 

Q. Why are balls of fire so very dan¬ 
gerous ? 

A. Because they explode, like a 
cannon, when they fall; and occasion 
much mischief. 

Q. Do these balls of fire ever run along 
fhe ground ? 
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A. Yes ; sometimes they run a con¬ 
siderable way along the ground, and 
explode in a mass: 

At other times they will split into 
numerous smaller halls, each of which 
will explode in a similar manner. 

Q. What MISCHIEF will these halls of fire 
'prodxice ? 

A. They yvill set ‘houses and barns 
on fire; and kill all cattle and human 
beings, which happen to be in their 
course. 

Q. Why does lightning sometimes kill men 
and beasts ? 

A. Because, when the electric current 
passes through a man or beast, it pro¬ 
duces so violent an action upon the nerves, 
that it destroys life. 

Q. When is a person struck dead by light¬ 
ning ? 

A. Only when his body forms a part 
of the lightning’s path; i. e. when the 
electric fluid (in its way to the earth) 
actually passes through his body. 

Q. Why are men sometimes maimed by 
lightning P 
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THUNDER. 


A. Because the electric fluid produces 
an action upon the nerves sufficient to 
injure them, but not to destroy life. 

Q. What is thunder ? 

A. The noise made bj the concussion 
of the air when it closes again, after it 
has been parted by the lightning flash. 

A part of the noise is owing to the chemical changes 
produced in the air hy the electric fluid. 

Q. Why does lightning part the air through 
udiich it passes ? it does not part a rod of iron. 

A. As iron is a concluctory it allows 
the fluid to pass freely over it: but air 
being a non-conductory resists its passage. 

Q. Why is thunder sometimes one vast 

CRASH ? 

A. Because the lightning-cloud is near 
the earth; and as all the vibrations of the air 
(on which sound depends) reach the ear 
at the same momenty they seem like one 
vast sound. 

Q. Why is the peal sometimes an irregular 
broken roar ? 

A. Because the lightning-cloud is a 
long way ofFj and as^omc of the vibrations of 
the air have much further to travel than 
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others, they reach the ear at different 

times, and produce a continuous sound. 

_ ■ 

Q. Why loould not all the so u n d-waves reach 

the ear at the same time, if they had far to travel P 

A, Because sound takes a whole 
second of time to travel 380 yards; if, 
therefore, the cloud were 1000 yards off, 
we should hear the vibrations of the 
lowest strata of air nearly three seconds 
before we heard those in the immediate 
vicinity of the cloud. 

Q. IVhat is meant hy ** strata of air P ” 

A. If a board were laid upon the 
earth, and several other boards piled 
upon it, this pile would represent strata 
of wood. 

Q. Hoiv does this illustration apply to the 
air ? 

A. A layer of air covers the earth; 
another layer rests upon it; and thus, 
layer is piled upon layer for 50 miles in 
height. Each layer is a " stratum ” of 
air; and the plural of stratum is strata.” 

Q. Why is the thunder sometimes like a 
deep GROWL? 
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THUNDER. 


A. Because the storm is far distant, 
and the sound of the thunder indistinct. 

Q. Does not sceneby affect the sound of 
thunder ? 

A. Yes; the flatter the country the 
more unbroken the peal. Mountain 
scenery breaks the peal, and makes it 
harsh and irregular. 

Q. What is the muse of RpLLiira xhcndeb ? 

A. Because the vibrations of air 
(having diflPerent lengths to travel) reach 
the ear at successive intervals. 

The reverberation (or echo) amongst the massive clouds 
contributes in some measure to this effect 

Q. Why is a flash of lightning generally 
followed by a pouring rain ? 

A. The flash produces a change in 
the physical condition of the air^ and 
renders it unable to hold so much water 
in solution as it could before; in 
consequence of which, a part is given 
off in heavy rain, 

Q. Why is a flash of lightning generally 
followed by a gust op wind ? 

A. Because the physical condition of 
the air is disturbed by the passage of the 
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lightning, and wind is the result uf this 
disturbance. 

Q. Why is there no thukdeb to what is 
called SUMMER LfOHTNING ? 

A, Because the lightning-clouds are 
so far off, that the sound of the thunder 
. is lost, before it reaches the earth. 

Q. Do THUNSBB-BOI.T8 cver drop from the 
clouds f 

A. No; the notion of thunder-boUs 
arises, eitlier from the globular form 
occasionally assumed by a flash of light¬ 
ning ; or else from the gaseous fire-balls 
which sometimes fall from the clouds. 

(p. 6.) 

Q. Why is the thunder often several 
moments after the flash ? 

A. Lightning travels nearly a million 
times faster than thunder; if, there¬ 
fore, the thunder has far to come, it will 
not reach the earth till a considerable 
time after the flash. 

Q. Can we not tell the distance of a thunder- 
cloudy hy observing the interval which elapses 
between the flash and the peal ? 
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DANGER 


A. Yes; the flash is instantaneous* 
but thunder will take a whole second 
of time to travel 380 yards : hence, if the 
flash be 5 seconds before the thunder^ 
the cloud is 1900 yards off. 

(i. e. 380 X f) = 1900 yards.) 

Q Tf^hat PLACES are dangebous 

during a storm ? 

A. It is very dangerous to be near a 
tree, or lofty building; and also to be near 
a river, or any running water. 

Q. W}iy M it DANGBBOVS tO he NEAB a TBEE, 
or lofty huildingy during a thunder-storm ? 

A. Because a tall pointed object, 
(like a tree or spire,) will frequently dis¬ 
charge a lightning-cloud; and if any one 
were standing near, the lightning might 
diverge from the tree, to pass through 
the fluids of the human body. 

Q. How can a tree or spire cisciuRaE 
a lightning-cloud P 

A. A lightning-cloud (floating over 
a plainj may be too far off" to be dis- 

* The speed of lightning is so great, that it would go 
480 times round the earth in one minute: whereas thunder 
wordd go scarcely 13 miles in the same space of time. 
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charged by it; but as a tree, or spire, 
would shorten this distance, it might no 
longer be too far off to be discharged. 

For example. If a lightnings cloud were 700 yards above 
the earth, it would be too far off to be discharged;—but a 
tree or spire DO feet high would make the cloud only 6D0 
yards off a conductor, and tlie cloud would be instantly 
discharged* 

Q. Is not AIK a conductor of lightning ? 

A. No; dry air is 'tyot a conductor of 
lightning. 

Q. Why would it be dangerous to stand near 
a tree or spire, while lightning is passing down it P 

A. Because the electric fluid (called 
lightning) always rushes down the 
outside of the tree or spire; and if any 
one were standing near, might diverge 
from the tree to pass through the fluids 
of the human body. 

Q. Does lightning go through the inside or 
OUTSIDE oj a tree ? 

A. It runs down the outside of a 
tree ; but passes through the inside of a 
man. 

Q. Why does lighlning pass down the 
OUTSIDE of a tree P 

A. llecause it always makes choice 

c 



DANGER 


of the best conductors: and the outside 
of a tree is a better conductor than the 
inside. 

Q. Why does lightning x^ass through the 
INSIDE of a man ? 

A. Because the fluids of the human 
body make a better conductor than the 
shin ; therefore lightning passes through 
a man, and not down his skin. 

Q. Why is it dangerous to be near a deep 
RIVER, or any other running water, during a 
thunder-storm ? 

A. Because running water is a good 
conductor; and lightning always takes in 
its course the best conductors. 

Q. Why is it dangerous for a man to he near 
WATER, in a thunder-storm ? 

A. Because the height of a man may 
be sufficient to discharge a cloud: and (if 
there were no taller object nigh) the 
lightning might make the man its con¬ 
ductor to the water. 

See note on p. 13. 

Q. Why is it dangerous to ring chdrch- 
DELLS during a thunder-stonn ? 

A. For two reasons: 1st—Because 
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the steeple may discharge the lightning- 
cloud, in consequence of its mere height. 

2ndly—The swinging of the bells 
puts the air in motion^ and diminishes 
its resistance to the electric fluid. 

Q.' Wluj is it unsafe to run or drive fast 
dnrinff a thundcr-stomi ? 

A. Because it produces a current of 
air; and, a& air in motion aflbrds less 
resistance to the flash, it is a better con¬ 
ductor than air in a state of rest* 

Q. What PARTS of a dwelling are most 
DANGEROUS during a thunder-storm ? 

A. The fire-place, especially if the 
fire be lighted; the attics and cellar. 
It is also imprudent to sit close by the 
walls ; to ring the bell; or to bar the 
shutters, during a thunder-storm. 

Q Tfhy is it dangerous to sit before a 
FIRE during a thunder-storm ? 

A. Because the heated air and soot 
are conductors of lightning; especially 
when connected with such excellent 
conductors as the stove, fender, and 
five-irons. 
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DANGER 


Q. Why are the attics and gellab dan- 
GEBOXTS dunng a thunder-storm ? 

A. As lightning sometimes passes 
from the clo'tids to the earth, and some¬ 
times from the earth to the clouds; there¬ 
fore, the middle storey of a house is 
safest to be in during a thunder-storm. 

Q. When does lightning pass fbom the 
EARTH to the CLOUDS? 

A. When the clouds are in a neg¬ 
ative” state of electricity, 

Q. When does lightning pass prom the 
CLOUDS to the earth ? 

A. When the clouds are in a 
positive ” state of electricity. 

Q. What is 7neant hy the clouds being in a 
positive state of electricity ? ” 

• A. When the clouds contain more 
electric fluid than they generally do, they 
are said to be in a positive ftate of 
electricity.” 

Q. What is meant hy the clouds being in a 
“ negative state of electricity P ” 

A. When the clouds contain less 
electric fluid than they ought to do, they 
arc sai4 to be in a negative state of 
electricity.” 
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Q. Does the flash jproeeed from a negative or 
POSITIVE body ? 

A. Always from a positive body, or 
one over-charged with electric fluid. 

Some men of science tliink there are two sorts of electricity, 
one called vitiiicous, corresponding to positive electricity; 
and the other called besinous, corresponding to negative 
electricity. 

Q. When lightning flashes from the earth to 
the clouds, what is the flas\ called P 

A. It isr called the “returning 
stroke; ” because the earth (being over¬ 
charged with electric fluid) returns the 
surplus quantity to the clouds. 

Q. Why is it dangerous to lean back 
AGAINST A WALL during a thunder-storm? 

A. Because the electric fluid some¬ 
times runs down the wall of a house or 
room; and (as a man is a better con¬ 
ductor than a brick wall) would diverge 
from the wall to him. 

Q. Why is it dangerous to ring a bell 
during a thunder-storm ? 

A. Bell-wire is an excellent conduct- 
tor; and (if a person were to touch the 
bell-handle) the electric fluid, passing 
down the wire, might run through his 
hand and injure it. c 3 
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DANGER 


Q. Why would the lightning run through a 
man touching a hell-handle P 

A. Because the human body is a 
better conductor than tlie wall (between 
the bell-handle and the floor); and as 
lightning always chooses the best con¬ 
ductor for its path, it would (in this case) 
pass through the man^ and injure him. 

Q. Why is it dangkrous to bar a shutter 
during a tkunder-stomi ? 

A. The iron shutter-bar is an exceU 
lent conductor; and the electric fluid 
might run from the bar through the 
person touching it, and injure him. 

Q. JVhy is it dangeroiis to be hi a crowd 
during a thunder-storm ? 

A. For two reasons. 1st—Because 
a. mass of people form a better conductor 
than an individual: and 

2ndly—The vapour from a crowd 
increases the danger of such a place. 

Q. Why is a mass of bodies a better con¬ 
ductor than a single body ? 

A. Each living body is a conductor 
of electricity ; and a connected mass of 
such conductors is more likely to be 
struck, than a single individual. 
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Q. Why is the danger increased by the 
TAPOUH which rises from a crowd P 

A. Vapour is a conductor^ and 
therefore, may determine the shock; 
especially when connected with so many 
living bodies. 

Q. Why u a theatre dangerous during a 
thunder-storm P 

A. Because the crowd assembled 
there, and great vapour arising from 
so many living bodies, render a theatre 
an excellent conductor of lightning. 

Q. Why is a elock of sheep in greater dan¬ 
ger than a smaller number ? 

A. 1st—Because each sheep is a 
conductor of lightning, and the conduct¬ 
ing power of the flock is increased by its 
numbers: and 

2ndly—Thei very vapour arising from 
a flock of sheep increases its conducting 
powevy and its danger. 

Q. Why is a heed of cattle in danger during 
a stoim ? 

A. 1 st—The number of living bodies 
increases the conducting power of the 
animal fluids: and 
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DANGER 


2ndly—^The very vapour arising from 
a herd increases its conducting power. 

Q. If a person he abroad m a thunder¬ 
storm^ what place is the safest ? 

A. Any spot about 20 or 30 feet 
from some tall tree or building; unless 
that spot be near to iiinning water. 

Q. IVhy would it be safe to stand 20 or 30 
feet from some tall trelh, in a thupder-storm ? 

A. Because the lightning would 
always choose the tall tree as a conduc¬ 
tor, rather than the shorter man; and 
he would not be sufficiently near the tree, 
for the lightning to diverge from it to 
him. 

Q. If a person he in a carriage in a 
thunder-storm^ in what way can he travel most 

'■SAFELY? 

A. He should not lean against the 
carriage; but sit upright, without touch¬ 
ing any of the four sides. 

Q. Why should not a person lean against 
the carriage in a storm ? 

A. Because the electric fluid might 
run down the sides of the carriage; and 
(if. a person were leaning against the 
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sides) would make choice of him for a 
conductor, and perhaps destroy life. 

Q,. If d person he in a house during a thun¬ 
der storm, u'hatplace is safest? 

A. Any room in the middle storey. 
The middle of the room is best; especially 
if you place yourself on a matti'ess^ bed, 
^or hearth-rug. 

Q. Why is the storey of a house 

SAFEST in a thunder-storm P 

A. Because, even if the fluid struck 
the house, its strength would be exhausted 
before it reached tlie middle storey. 

Q. Why is the middle of the room more 
SAFE, than any other part of it, in a thunder-storm P 

A. Because, if the lightning struck 
the room at all, it would come down the 
chimney or walls of the room ", and 
therefore, the further distant from these, 
the better. 

Q. Why is a mattress, bed, or hearth¬ 
rug a good security against injury front lightning ? 

A. Because they are all non-conduc¬ 
tors; and, as lightning always takes in 
its course the best conductors, it would 
not select such things as these. 
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LIGHTNING 


Q. Is it better to he wet or dry during a 
stoi'm ? 

A. To be wet: if a person be in the 
open field, the best thing he can do, is 
to stand about 20 feet from some tree, 
and get completely drenched to the skin, 

Q. JVhy is it better to be wet than dry ? 

A. Because the wet clothes would 
form a better conductor than the fluids 
of our body; and, therefore, lightning 
would pass down the wet clothes, without 
touching our body at all, 

Q. JVhat is the safest thing a person can do 
to avoid injury from lightning ? 

A. He should draw his bedstead 

■ 

into the middle of his room, commit 
himself to the care of God, and go to 
‘ bed; remembering that our Lord has 
said, The very hairs of your head are 
all numbered.” 

N.B. No great danger needs really to be apprehended from 
lightning, if yon avoid taking your position near tall trees, 
spires, or other elevated objects. 

Q. What is a lightning-conductor? 

A. A metal rod fixed in the earth, 
running up the whole height of a build¬ 
ing, and rising in a point above it. 
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Q. What nietal is the best for this purpose ? 

A. Stout copper wire. 

Q. Why is corpEB wire better than iron ? 

A. 1st—Because copper is a better 

conductor than iron: 

2ndly—It is not so easily fused or 
melted: and 

* 3rdly—It is not so much injured by 

weather. . * 

Q. What is the use of a lightning-con 
dactor ? 

A. As metal wire is a most excellent 
conductor, the lightning (which makes 
choice of the best conductorsj would run 
down the metal wire, rather than the 
walls of the building. 

Q. Sow FAB w'itl the beneficial influence of a: 
lightning-conductor extend ? 

A. It will protect a space all round, 
4 times the length of that part of the rod 
which rises above the building. 

Q. Give me an example. 

A. If the rod rise 2 feet above the 
house, it will protect the building for (at 
least) 8 feet all round. 
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Q. Why are not lightning-conductors more 
generally used ? 

A. Because lightning-conductors are 
often productive of more harm than good. 

Q, How can lightning-conductors he pro 
ductive of harm ? 

A. If the rod be broken by weather 
or accident, the electric fluid (being 
obstructed in its. path) will damage the 
building. 

Q. Is there any other evil to he appi'ehended 
from a lightning rod ? 

A. Yes; if the rod be not big enough 
to conduct the whole current to the eai’th, 
the lightning will fuse the metal, and 
injure the building. 

It should be (at least) one inch in diameter. 

■ 

Q. How does lightning sometimes ^ogk 

DOWN and churches ? ^ 

A. The steeple, or chimney is first 
struck; the lightning then darts to the 
iron bars and cramps employed in the 
building; and (as it darts from bar to bar) 
shatters to atoms the bricks and stones, 
which oppose its progress. 
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Q. Can you tell me how St. Bride's Church 
(London) teas nearly destroyed by lightning, about 
100 years ago P 

A. The lightning first struck the 
metal vane, and ran down the rod; it 
then darted to the iron cramps, employed 
to support the building ; and (as it flew 
i(rom bear to bar) smashed the stones of 
the church, which lay between. 

Q. Why did the lightning fly about from 
place to place, and not pass down in a straight 
course ? 

A. Because it always takes in its 
course the best conductors; and will fly 
both right and left, in order to reach them. 

Q. Why docs JuiGnTmiaa turn UII.K sour.^ 

A. Lightning causes the gases of the 
air (through which it passes) to combine, 
and thus produces a poison, called nitric 
acid; some small portion of which, mixing 
with the milk, turns it sour.* 

N. B. Sometimes, the mere heat of the air, daring the 
storm, tnms milk sour. 

The nir is composed of two gases, called oxygen and 
nitrogen, mixed together, but not combined. Oxj'gen 
combined with nitrogen, produces five deadly poisons, viz.— 
nitrous oxide, nitric oxide, hyponitrous acid, nitrous acid, 
» and nitric acid, according to the proportion of each gas in 
the combination.) j) 
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Q. What is the difference between coubinikg 
and MIXING ? 

A. Wheu different ingredients mingle 
wiihout undergoing any chemical change, 
they are said to be mixed ; but when the 
natural properties of each are altered by 
the union, then those ingredients are said 
to be combined, 

Q. Give me an example. 

A. If different coloured sands be 
shaken together in a bottle, the various 
grains will mix together, but not combine: 
but if water be poured on quick lime, the 
water will combine with the lime, and not 
mix with it. 

Q. Why are the different grains of sand said 
to he MIXED, when they are shalzen together ? 

A. Because they are mingled Toge¬ 
ther, but the property of each grain 
remains the same as it was before. 

Q. Why is water poured on lime said to 
COMBINE with it ? 

A.. Because the properties of each 
are aXtered by the mixture: the lime 
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alters the character of the water, and 
the wa-ter of the lime. 

Q. Do oxygen and nitrogen combine, or only 

MIX together, in common atmospheric air ? 

A. They only mix together, as grains 
of sand would do, when shaken in a 
bottle. When oxygen and nitrogen 
^}»ombiney they do not constitute air, but 
acid poisons. 

See note on p. 25. 

Q. Why does lightning turn beer sour, 
although contained in a close cask ? 

A. If the beer be new, and the process 
of fermentation not complete, lightning 
will so accelerate the process, as to turn 
the liquor sour. 

Q, Why is not old beer and strong porter . 
7nade sour lightning ? 

A. Because the fermentation is com¬ 
plete already; and, therefore, is not affected 
by electrical influence. 

Q. Why is METAL sometimes bused by 
lightning P 

A. Because the dimension of the 
metal is too small to afford a path for 
the electric current. 

D 2 
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Q. Why does lightning ruEiFY the aib ? 

A. For two reasons; 1st—Because 
the oxygen and nitrogen of the air 
comhine^^ and produce nitric acid: ” 

2ndly—Because the agitation of the 
storm stirs up the air, 

Q. How does the production of nitric acid 
wmYY the air ? 

4 

A. Nitric acid acts ve^^y powerfully in 
destroying exhalations, arising from putrid 
vegetable and animal matters. 

Q. Vf'hy is LIGHTNING morc common in 
STTMMEB and AUTUMN than in spring and winter? 

A. The heat of summer and autumn 
produces great evaporation; and the 
conversion of water to vapour always 
.develops electricity. 

Q. Why does a thundeb-storm generally 
follow very dry weather ? 

A. Because dry air (being a non¬ 
conductor) will not relieve the clouds of 
their electricity; so the fluid accumulates, 
till the clouds are discharged in a storm. 

* The oxygen and nitrogen are not comhined, but simply 
mix id in the ordinary air; but the lightning causes the 
mixed elements to combine, (See note on p. 25.) 
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Q. Tf'hy does a thtjnder-stoem rarely 
succeed wet weather ? 

A. Because moist air or falling rain 
(being a conductor) carries down the 
electric fluid gradually and silently to 
the earth. 

Q. Tfliat is the general direction of a 
, THUNDER-STORM? 

^ A. Either from east to west: or from 
north to south: 

Q. Why is ELECTRICITY excitcd hy friction ? 

A. Electricity, like heat, exists in all 
matter; but is often in a latent state: 
friction disturbs it, and brings it into 
active operation, . 

Sec p. 33. 

Q., Why is a tree sometimes scorched hy 
lightning, as if it had been set on fire ? 

A. Lightning scorches it by its owri 
positive heaty just the same as fire would. 

Q. Why is the bark of a tree often ripped 
qu ite off hy a flash of lightning ? 

A. Because the latent heat of the 
tree is so rapidly developed by the 
electric fluid running down it, that it 
forces away the bark of the. tree in its 
impetuosity to escape. 

Some part of this effect is probably due to the simi)le 
mechanical force of the lightning. 
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Q. Why are i^ughs of trees broken off by 
lightning p 

A. The mechanical force of lightning 
is very great; and as the boughs of a 
tree are imperfect conductors, they will 
often be broken off by this mechanical 
force. 

Q. Why is an electric shock felt most at th/ 

ELBOW JOINT * 

A. Because the path of the fluid is 
obstructed by the joint: and the sliock 
felt at the elbow is caused by the fluid 
leaping from one bone to another. 

Q. Is electricity accompanied with any odour ? 

A. Yes: occasionally a strong sul¬ 
phurous odour has been observed during 
a thunder-storm. 

■ 

Q. Does not electricity sometimes give a pecu* 
liar TINGE to objects around ? 

A. Yes: and this peculiar coldUr, 
produced by electricity, is called “ azure.” 

Q. What are fttl'gurttes ? 

A. Fulgurites are hollow tubes pro¬ 
duced in sandy soils by the action of 
lightning. 

Q. How does lightning produce fulgurites ? 

A. It enters the earth, and fuses the 
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flinty matter of the soil into a vitreous 
(or glassy) substance, which is called a 
fulgurite. 

Q. Does not lightning sometimes affect the 
character of ibon and steel ? 

A. Yes; bars of iron and steel are 
sometimes rendered magnetic by light- 
ijing. 

Q. 6^ive me ah instance of the magnetic effects 
of lightning, 

A. Sometimes it will reverse the mag¬ 
netic needles of the electric telegraph, 
and sometimes destroy their magnetism 
altogether. 

Q. What is meant by the magnetic needles 
being be versed ? 

A. That part of the needle which 
ought to point towards the norths is made 
to point towards the south ; and that part 
which ought to point souths is made to 
point towards the north. 

Q. How does lightning act upon the magnetic 
needles of the electric telegraph ? 

A. The electric fluid is conveyed 
along the conducting wires to the tele- 
> graphic needles. 
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CHAPTER III. 

Q. Wliat is the third chief source of heat ? 

A. Chemical Action. 

Q. What is meant by chemical action being 
the source of heat P 

A. Many things, when their chemical 
constitution is changed, (either by the 
abstraction of some of their gases, or by th^ 
combination of others not before united,) 
evolve heat^ while the change is going on. 

Q. Eocplain by illustration what you mean, 

A. Water is cold, and sulphuric acid 
is cold; but if these two cold liquids be 
mixed together, they will produce intense 
heat, 

Q. Why does cold water, poured on ltate, 
mahe it intensely tiot ? 

A. The heat is evolved by the 
chemical actiony produced by^^e cold 
water combining with the lime. 

N. B. ITeat is plways evolved when a fluid is converted 
into a solid form. Heat is always absorbed when a solid is 
changed into n liquid state. As the water is changed from 
its Jifiiiid form when it is taken up by the lime, tlierefore, 
heat is given 

Q. Where does the heat come from p 

A. It was in the water and lime, 

before; but was in a latent state. 
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Q. Was there heat in the cold watm' and lime, 
before they ivere mixed together ? 

A. Yes. All bodies contain heat; 
the coldest ice, as well as the hottest fire. 

Q. Is there hkat even in ice ? 

A. Yes; but it is latent, (i. e. not 
perceptible to our senses). 

V Latent, from the Latin vvord, Lateo, (to lie hid.) 

Q. How do you know *there is heat, if you 
cannot perceive it ? 

A. Thus:—Ice is 32® by the ther¬ 
mometer ; but if ice be melted over a fire, 
(though 140® of heat are absorbed by the 
process,) it will feel no hotter than before. 

(i. e. it will be only 32“, and not 172°).* 

Q. What becomes of the 140® which went into 
the ice to melt it ^ 

A. It is hidden in the water ; or (to 
speak more scientifically) it is stored up 
in a latent state. 

Q. How MUCH heat may he thus secreted or 
made latent ? 

A. All things contain a vast quantity 
of latent heat; but as much as 1140® of 
heat may remain latent in water. 

* 32**, i. e. 32 degrees; 140**, i. e. 140 degrees, &c. 



34 


LATENT HEAT. 


Q. How can 1140^ of heat he added to water, 
without being perceptible to our feelings ? 

A. 1st—140° of heat are hidden in 
the water, when ice is melted by the sun 
or fire. 

2ndly—lOOO'more of heatare secreted, 
when water is converted into steam. 
Thus, before ice is converted into stea^ 
1140” of heat become latent.* 

T 

Q. Can we he made to feel the heat of ice 
or snow ? 

A. Yes. Into a pint of snow put 
half as much salt; then plunge your 
hand into the liquid; and it will feel so 
intensely cold, that the snow itself will 
seem warm in comparison to it. 

Q. Is SALT and snow really colder than 
mow ? 

A. Yes, many degrees; and by 
dipping your hand into the mixture firsts 
and into snow afterwards^ the snow will 
seem to be comparatively warm. 

• One pint of boiling water, f 212® according to the ther¬ 
mometer,) will make 1800 pints of steam; but die steam is 
no h>.>tter to the touch than boiling water, both are 212**; 
ther efore, w'hen water is converted into steam, 1000® of heat 
become latent. Hence, before ice is converted to steam, it 
must contain 1140® of latent heat. 
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Q. What is pike ? 

A. Heat and light produced by the 

combustion of inflammable substances. 

Q. How is HEAT evolved hij comhustion ? 

A. By chemical action ;—as latent 
heat is liberated when water is poured 
upon lime. 

^ See page 32. 

Q. What chemical action takes place in com¬ 
bustion P 

A. The elements of the fuel combine 
with the oxygen of the air. 

Q. What are the elements of fuel ? 

A. As bread is a compound of flour, 
yeast, and salt; so fuel is a compound of 
hydrogen and carbon. 

Q. What are the elements of atmospheric • 

AIR ? 

A. The air is a compound of oxygen 
and nitrogen mixed together; in the 
proportion of four gallons of nitrogen to 
one of oxygen. 

Q. What is carbon ? 

A. The solid part of fuel. It abounds 
also in all animal bodies, earths, and in 
»some minerals. 
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Q. Mention some different sp cies of carbon 

A. Common charcoal, lamp-black, 
coke, black lead, and the diamond, are 
all varieties of carbon. 

Q. Vi'hat is hydrogen? 

A. An inflammable gas. The gas 
used in our streets is only the hydrogen 
gas driven out oj[ coals by heat. 

Q. What are the pecvlilir characteristics of 
hydrogen gas ? 

A. Though this gas itself will burn, • 
yet a candle will not burn when immersed 
in it; nor can an animal live in it. 
Hydrogen gas is the lightest of all 
known substances.* 

Q. IVhat is OXYGEN ? 

A. A gas, much heavier than hydro- 

* Hydrogen gas may be made thus:—Put some pieces of 
zinc or iron filings into a glass: pour over them a little 
sulphuric acid (vitriol), dOiited witli twice the quantity of 
water; then cover the glass over for a few minutes, and 
liydrogen gas will be given off. 

Exp. If a fiame be put into tlie glass, an explosion will 
be made. 

If the experiment he tried in a phial, which has a piece 
of tf baceo-pipe run through the cork, and a light held a 
few moments to the top of the pipe, a flame will be made. 

jf a balloon be held u\er the pliiul, (so that the gas can 
inflate it,) tbe^loon will ascend in a very few minutes, • 
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gen; it gives brilliancy to flame, and is 
essential to animal life.'’^ 

f Oxygen gas is much more troublesome to make than 
hydrogen. The cheapest plan is to put a few ounces of 
manganese (called the black oxide of manganese) into an 
iron bottle, furnished with a bent tube; set the bottle on a 
lire till it becomes red hot, and put the end of the tube into 
a pan of water. In a few minutes, babbles will rise through 
the water; these bubbles are oxygen gas. 

These bubbles may be collected thus;—Fill a oominoii 
bottle with water; hold it topsjP-turvy over the bubbles 
which rise through life pan, but be sure the mouth of the 
bottle be held in the water. As the bubbles rise into the 
bottle, the water will run out; and when all the water has 
run out, the bottle is full of gas. Cork the bottle while the 
mouth remains under water; set the bottle on its base; 
cover the cork with lard or wax, and the gas will keex) till it 
be wanted. 

N.B. The quickest way of making oxygen gas, is to rub 
together in a mortar half an ounce of oxide of copper, and 
half an ounce of chlorate of potassa. Put the mixture into 
a common oil flask, furnished with a cork which has a bent 
tube thrust through it. Heat the bottom of the flask over 
a caudle or lamp; and when the mixture is red hot, oxygen * 
gas will be given off. Note—the tube must be immersed in 
a pan of water, and the gas collected as before. 

(Chlorate of potassa may be bought at any chemist’s; 
and oxide of copper may be procured by heating a sheet of 
cox)per red hot, and when cool, striking it with a hammer; 
tlie scales that peel off, are oxide of copper.) 

Exp. Put a piece of red hot charcoal (fixed to a bit of 
wire) into your bottle of oxygen gas; and it will throw out 
most dazzling sparks of light. 

Blow a candle out; and while the wick is still red, hold 
the candle (by a piece of wire) in the bottle of oxygen gas; 
the wick will instantly ignite, and bum brilliantly. 

(Burning sulphur emits a blue flame, when immersed in 
oxygen gas.) 
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Q. What is NITBOGBN ? 

A. Nitrogen is another invisible gas. 
It will not burn; and an animal cannot 
live in it: it abounds in animal and 
vegetable substances, and is the chief 
ingredient of the common air.* 

4 parts of common air out of every 5 are nitrogen gas. 

Q, Why is there so much nitrogen in the air ? 

A, In order' to dilute the oxygen. 
If the oxygen were not thus diluted, 
fires would burn out, and life be ex¬ 
hausted, too quickly. 

Q. What three elements are necessary to pro¬ 
duce COMBUSTION ? 

A. Hydrogen gas, carbon, and oxygen 
gas; the two former in the fuel^ and the 
last in the air which surrounds the fuel. 

Q. What causes the comhustion of the fuel ? 

A. The hydrogen gas of the fuel 

* Nitrogen gas may easily be obtained thus:—Put a 
Ijiceo of burning phosphorus on a little stand, in a plate of 
water; and cover a bell glass over. (Be sure the edge of tbe 
glass stands in the ivater.') In a few minutes the oxygen of 
the air will be taken up by the burning phosphorus; and 
the nitrogen alone will be left in the bell glass. 

(N. f-. The white fume, which will arise and be absorbed 
by thf water in tliia experiment, is phosphoric acid; i. e. 
phosphorus combined with oxygen of the air.) 
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(being set free and excited by a light), 
unites with the oxygen of the air and 
makes a yellow flame: this flame heats 
the carbon of the fuel, which (also uniting 
with the oxygen of the air), produces 
carbonic acid gas. 

Q. What is carbonic acid gas ? 

A. Only carbon (or charcoal) com¬ 
bined with oxygen gas.* 

Q. Why does fire j^'^'oduce heat? 

A. Because it liberates latent heat 
from the air and fuel. 

Q. What CHEMICAL CHANGES ill air and fuel 
are 2 ^y‘oduced by combustion ? 

A. 1st— Some of the oxygen of the 
air will combine with the hydrogen of the 
fuel, and condense into water: and 

2ndly—Some will combine with the" 
carbon of the fuel, and expand into 
carbonic acid gas. 

Q. Why is a fire (after it has been long 
burning) red hot? 

A. Because the surface of the coals 
is so thoroughly heated, that every part 
is undergoing a rapid union with the 
oxygen of the air. 

E 2 
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Q. In a BLAziNO fire, why is the upper 
surface of the coals black, and the lower sur~ 
face RED ? 

A, Carbon (being very solid) requires 
a great degi’ee of heat to make it unite 
with the oxygen of the air. In conse¬ 
quence of which, the hot under surface of 
coals is frequently red (from its union 
with oxygen), while the cold upper 
surface remains black. 

Q. Which hums the quicker, a blazing fire, 
or a RED HOT one? 

a. a blazing fire burns out the fuel 

Q. Why do blazing coals bcbn quickeb 
than red hot ones ? 

A. Because the in fla mmable gases of 
tlie fuel (which are then escaping) greatly 
assist the process of combustion. 

Q. Why do the coals of a cleab bbight fire 
hum out slower, than blazing coals P 

A. Because most of the inflammable 
gases, and much of the solid fuel, hare 
been consumed alreadyand the residue 
aflbrd less food for combustion. 
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Q. What is smoke ? 

A. Unconsumed parts of fuel (prin¬ 
cipally carbon) separated from the solid 
mass, and carried up the chimney by the 
current of hot air. 

Q. JVki/ is there more smoke ichen coals 
are fresh added, than when they are red hot ? 

A. Carbon (being solid) requires a 
great degree of heat to make it unite with 
oxygen, (or, in other words, to bring it 
into a state of perfect combustion) : when 
coals are fresh laid on, as more carbon is 
separated than can be reduced to com¬ 
bustion, much of it flies off in smoke. 

Q. Why is there so litixe smoke with a red 

HOT FIRE? 

A. Because the entire surface of the 
coals is in a state of combustion ; and as 
very little carbon remains unconsumed^ 
there is but little smoke. 

Q. WHiy are there dark and bright spots 
in a CLEAR cinder fire ? 

A. Because the intensity of the 
combustion is greater in some parts of 
the fire than it is in others. 

£ 3 
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Q. Why is the intensity of the combustion so 

UNEQUAL ? 

A. Because the air flies to the fire in 
various and unequal currents. 

Q. Why do ice see all sorts of grotesque 

ETGURES in hot COALS ? 

A. Because the intensity of combus¬ 
tion is so unequal^ (owing to the gusty 
manner in which j^he air flies to the fuel) ; 
and the various sliades of red, yellow, and 
white heat (mingling with the black of the 
unburnt coal), produce strange and fanci¬ 
ful resemblances. 

(J. Why does paper burn more readily than 
u'ood P 

A. Because it is of a more fragile 
texture; and, therefore, its component 
parts are more easily heated. 

Q. Why docs wood burn more readily than 
coal P 

A. Because it is not so solid; and, 
therefore, its elemental parts are more 
easily separated, and made hot. 

Q. When a eire is lighted, ichy is paper 
laid (t the bottom, agahist the grate? 

A. Because paper (in consequence 
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of its fragile texture) very readily catches 
fire, 

Q. Why is wood laid on the top of the paper ? 

A. Because wood (being more sub^ 
sianiial) burns longer than paper; and, 
tlierefore, affords a longer contact of 
flame to heat the coals. 

Q. Why ivoiild not paper do without wood ? 

A. Because papei' burns out so 
rapidly y that it would not afford sufficient 
, contact of flame to heat the coals to 
combustion. 

Q. W hy will not wood do without shavings^ 
straw, or paper? 

A. Because wood is too substantial 
to be heated into combustion by the 
flame issuing from a mere match. 

Q. Why would not the paper do as well, if 
placed on the Tor of the coals ? 

A. Because every blaze tends up¬ 
wards ; if, therefore, the paper were 
placed on the top of the fire, its blaze 
would afford no contact of flame to the 
fuel lying below. 

Q. Why should coal he placed above the 
wood ? 
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A. Because otherwise, the flame of 
the fuel would not rise through the coal to 
heat it. 

Q. Why is a fike kindled at the lowest 
BAR of a grate ? 

A. That the flame may ascend through 
the fuely to heat it. If the fire were 
kindled from the to^y the flame would not 
come into contact with ,the fuel piled 
below. 

Q. WHuj does coal make sxwh excellent 
fuel ? 

A. Because it contains a large amount 
of carbon and hydrogen gas in a very 
compact and convenient form. 

'ip- Q. Why ivill CINDERS become red hot 
quicker than coals ? 

A. Because (being more porous and 
less solid) they are sooner reduced to a 
state of combustion. 

Q. Why will not iron cinders hum? 

A. Iron cinders are cinders saturated 
with oxygen; in consequence of which, 
they can imbibe no more oxygen, and are 
unfit /or fuel. 

Q. Why are cinuebs Ughter than, coals ? 
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A. Because they are full of little 
holes; from which vapour, gases, and 
other volatile parts, have been driven 
off by previous combustion. 

Q. Why will not stones do forfuely as well 

as COALS ? 

A. Because they contain no hydro- 
geiiy and little or no carbon. 

Q. Why will not wet eiiTdling light a fire ? 
A. 1st—Because the moisture of the 
^wet kindling prevents the oxygen of the 
air from getting to the fuel; and 

2ndly—^The heat of the fire is per¬ 
petually drawn off, by the conversion of 
water into steam. 

Q. Ifky does dry wood hum better than^ 

GREEN ? 

A. 1st—Because no heat is cartned 
away by the conversion of water into 
steam ; and 

2ndly—The pores of dry wood being 
filled with air, supply the fire with 
oxygen. 

Q. Why do TWO pieces of wood hum 

BETTER than ONE ? 

A. 1st—Because they help to en- 
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tangle the heat of the passing smoke, and 
throw it on the fuel: and 

2ndly—The air, impinging against the 
pieces of wood, is thrown upon the fire 
in a kind of eddy or draught. 

Q. Why does salt crackle, uUen thrown 
into a FIRE ? 

A. Salt contains water; and the 
crackling of the salt is owing to the sudden 
conversion of the water into steam. 




Q. Why will not wood or bum, if 

steeped in a solution of potash, 2^hos2}hate of 
LIME, or AMMONIA (hartskoru) P 

A. Because any “alkali” (such as 
potash) will arrest the hydrogen (as it 
escapes from the fuel), and prevent its 
combination with the oxygen of air. 


Q. TP hat is an alkali? 

A. The converse of an acid; as 
hitter is the con'verse of sweet, or insipid 
the con'verse of pungent. 


Q. Why does a jet of flame sonietimes hurst 
into the room through the bars of a stove ? 

A. Because the iron bars conduct 
heat to the interior of some lump of coal; 
and its volatile gas (bursting through 
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the weakest part) is kindled by the 
glowing coals over which it passes. 

Q. Why is this jet sometimes of a greenish 
YELLOW colour? 

A. When a lump of coal lies over 
the hot bars, or the coals below it are 
not red hot^ some of the gas escapes 
unburnt^ and is of a greenish colour, 

Q. Why does the gas escajoe unburnt? 

A. Because * neither the bars nor 
coals (over which it passes) are red-hot. 

Q. Why does a bluish flame sometimes 
flicker on the surface of hot cinders ? 

A. Because gas from the hot coals at 
the bottom of the grate mixing with the 
carbon of the coals above^ produce 
an inflammable gas (called carbonic 
oxide), which burns with a blue flame. 

Q. WHiy is the flame of a good fire yellow ? 

A. Because both the hydrogen and 
carbon of the fuel are in a state of perfect 
combustion. It is the white heat of the 
carbon, which gives the pale yellow tinge 
to the flaming hydrogen. 

Q. What is light ? 

A. Rapid undulations of a fluid called 
'ether, striking on the eye. 
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Q. How does combustion make these 
undulations of light ? 

A. The atoms of matter (set in 
motion by heat) striking against this 
ether, produce undulations in it; as a 
stone thrown into a stream, produces 
undulations in the water. 

Q. How can undulations of ether produce 

LIGHT ? 

A. As sound is produced by undula¬ 
tions of air striking on the ear^ so 
light is produced by undulations of ether 
striking on the eye. 

Q. l^hat is ETHER? 

A. A very subtile fluid, which per¬ 
vades and surrounds every thing rve see. 

N. B. This theory of light is not altogether satisfac¬ 
tory ; but has been retained as the most plausible hitherto 
projected. 

Q. Does HEAT A.'LW AYS produce light? 

A. No: the heat of a stack of hay, 
or reeking dunghill, though very great 
is not sufficient to produce light. 

Q. Why is a yellow flame brighter than a 
RED HOT COAL? 

A. Because yellow rays produce the 
greatest amount of light; though red rays 
produce the greatest amount of heal. 
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Q. Why is the light of a fire more intense 

sometimes than at others ? 

A. The intensity of fire-light depends 
upon the whiteness to which the carbon 
is reduced by combustion. If the car¬ 
bon be white hot^ its combustion is 
perfect^ and the light intense; if not, the 
light is obscured by smoke. 

Q. Tf'hy will not cinde'Rs blaze, as well as 
EKESH coals ? 

A, The flame of coals is made chiefly 
by hydrogen gas. As soon as this gas 
has been consumed, the hot cinders pro¬ 
duce only an invisible gas, called carbonic 
acid. 

Q. Where does the hydrogen gas of a fire come 

from ? 

A. All fuel is composed of carbon and 
hydrogen gas, which are separated from 
each other by the process by combustion. 
(see p. 35). 

Q. JVhy does not a fire blaze on a frosty 
NIGHT, so long as it does upon another night ? 

A. 1st—Because air condensed by 
the cold contains more oxygen than the 
same quantity of warmer air; and 

F 
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2ndly—Being very cold it rushes to 
the fire more rapidly; in consequence of 
which, the inflammable gas of the coals 
is more quickly consumed. 

Q. Why does a fire hum clearest on a 
FROSTY niyht ? 

A. Because (he volatile gases are 
more quickly consumed; and the solid 
carbon pleniifuUy supplied with oxygen 
from the air, to make it burn brightly and 
intensely. 

Q. Why does a fire hum more intensely 
in WINTER, than in summer? 

A. Because the air is colder in 
winter than in summer. 

Q. Why does the coldness of the air increase 
the HEAT of a fire? 

A. For two reasons: 1st—Because 
cold air is more condensed than hot: and 

2ndly—Because it rushes to the^fire 
more quickly ; in consequence of which, 
the fire is supplied more abundantly with 
oxygen. 

Q. Why does the sun, shining on a fire, 
make it dull, and often pat it out ? 

A. Because the sun-shine rarefies 
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the air, so that it flows more slowly to the 
fire; and even that which reaches the 
fire, affords less nourishment. 

Sun-shine produces also some chemical effect upon the 
air cr fuel detrimental to combustion. 

Q. Why does the air flow to the fire more 
TARDILY/or being rarefied? 

A. Because the greater the contrast 
(between the external air and that which 
has been heated* by the firej the more 
rapid will be the current of air towards 
•that fire. 

Q. Why does rarefied air afford less nou- 
eish:\ient to fire than cold air P 

A. Because rarefied air contains less 
oxygen than the same quantity of con¬ 
densed air. 

luasraiich as the same quantity of oxygen is diffused over 
a larger volume of air. 

(J. Why does a fire burn more fiercely in 
the open air ? 

A. 1st—Because the air out-ofldoors 

is more dense than the air in-doors; and 

2ndly—It has freer access to the fire. 

Q. Why is the air out-of-doors more dense, 
than that in-doors ? 

A. Because it has freer circulation; 
* F 2 
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and as soon as any portion has been 
rarefied, it instantly escapes, and is 
supplied by colder currents. 

Q. Why does not a fire hum so freely in a 
THAW, as in a frost? 

A. Because (being laden with 
it both moves too slowly, and is too much 
rarefied, to nourish the fire. 

i 

Q. Why does a fire hum so fiercely in 
WINDY xceather ? 

A. In windy weather the air is rapidly 
changed, and affords plentiful nourish¬ 
ment to the fire. 

Q. Why do a pair of bellows get a fire up P 

A. A pair of bellows drives the air 
more rapidly to the f re ; and the plentiful 
supply of oxygen soon makes the fire 
burn intensely. 

Q. Why is the flame of a candle extin¬ 
guished when blown by the breath, and not made 
more intense, like a fire ? 

A. As the flame of a candle is con¬ 
fined to a very small rvicky it is severed 
from it by the breath; and (being 
unsupported) must go out. 
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Q. Why is a smouldering wick sometimes 

REKINDLED hy blowing it ? 

A. The breath carries the air to it 
with great rapidity; and the oxygen of 
the air kindles the red hot wicky as it 
kindles charred wood. 

Q. Why is not the red hot wick kindled by 
the air around it, without blowing it ? 

A. Because, oxygen* is not supplied 
with sufficient freedom, unless it be blown 
.to the wick. 

Q. When is this exjjeriment most likely to 
succeed ? 

A. In frosty weather; because the 
air contains more oxygen then, being 
condensed hy the cold. 

Q. Why does a poker, laid across a dull 
FIRE, 7 'evive it P 

A. For two reasons : 1st—Because 
the poker concentrates the heaty and 
therefore increases it; and 

2ndly—As a narrow aperture is made 
between the poker and the coals, the air 
is arrested, and a draught created. 

See aleo the question at the foot of page 45. 

• F 3 
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Q. Why are stoves fixed oh the floor of 
a room ? 

A. In order that the air on the lower 
part of the room may be heated by the 
fire. 

Q. Would not the air of the lower iiart of a 
room be heated equally well, if the stoves were fixed 
higher up ? 

A. No; the. heat of a fire has a very 
little effect upon the air below the level of 
the grate; and, therefore, every grate 
should be as near to the floor as possible. 

Q. Why arc our feet very frequently cold, 
when we sit close by a good fire P 

A. As the fire consumes the air 
which passes over it, cold air rushes 
through the crevices of the doors and 
windows along the bottom of the room 
to supply the deficiency; and these 
currents of cold air, rushing constantly 
over our feet, deprive them of their 
warmth. 

Q. If a piece of paper he laid flat on a clear 
fire, it will not blaze, hut char. Why so ? 

A. The carbon of a clear fire, being 
sufficiently hot to unite with the oxygen 
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of the air, carbonic acid gaSy 

which soon envelops the paper laid flat 
upon the cinders: but carbonic acid gas 
will not blaze. 

Q. If you BLOW the paper^ it will blaze 
immediately. Why so P 

A. By blowing, or opening a door 
suddenly, the carbonic acid is dissipated, 
and ihe paper fanned iiUo flame. 

Q. Why does wateu extinguish a fire ? 

A. 1st—Because the water forms a 
coating over the fuel, which keeps it from 
the ail; and 

2ndly—The conversion of rvaler into 
steamy di'aws ofl* the heat of the burning 
fuel. 

Q. Why does a little water ma^e a fire. 
FIERCER, w?iile a larger quantity of water puts 

it OUT ? 

A. Water is composed of oxygen and 
hydrogen ; when, therefore, the fire can 
decompose the water into its simple 
elements, it serves for fuel to the flame. 

(J. How can water serve for fuel to fire ? 

A. The hydrogen of the water will burn 
with aflame ; and the oxygen of the water 
increase the intensity of that flame. 
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Q. If a house he on fire, is too little water 
worse than no ne ? 

A. Certainly. Unless the water be 
supplied so plentifully as to quench the 
fire it will increase its intensityy like fuel. 

Q. When will water extinguish fike ? 

A. When the supply is so rapid and 
abundant^ that the fire cannot decompose 

it. 

Q. Does not a very little water slacken the 
heat of fire ? • 

A. Yes, till it is decomposed; it then 
increases the intensity of fire, and acts 
like fuel. 

Q. Why does the wick of a candle (when the 
flame has been blown out) very readily catch fire ? 

A. Because the wick is already hot, 
and a very little extra heat will throw it 
into fiame. 

Q. Why does the extra heat revive the flame P 

A. Because it again liberates the 
hydrogen of the tallow, and ignites it. 

Q. Cannot wood be made to blaze without 
actual contact \cith fire ? 

A. Yes; if a piece of wood be held 
near the fire for a little time it will blaze, 
even though it does not touch the fire. 
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Q. Why Kill WOOD BLAZE, even if it does not 
touch the fire? 

A. The heat of the fire drives out 
the hydrogen gas of the wood; which is 
inflamed by contact with the red-hot 
coals. 

Q. Why will a neighbour’s house some¬ 
times CATCH EIRE, thougJi no flame of the burning 
house ever touches it ? 

A. The hej^t of the? burning house 
sets at liberty the hydrogen gas of the 
. neighbouring wood-work, which is ignited 
by the flames or red-hot bricks of the 
house on fire. 

Q. What is coke ? 

A. Coal freed from its volatile gases, 
by the action of artificial heat. 

Q. Why do arnott’s stoves sometimes 
SMELL so strongly of sulphur ? 

A. Because coke contains sulphur; 
and, whenever the draught is not rapid 
enough to drive the sulphur up the flue, 
it is emitted into the room, 

Q. What is meant by spontaneous com¬ 
bustion ? 

A. Combustion produced without the 
^ application of flame. 
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Q. Give an example of spontaneous combustion. 

A. Coals stowed in the hole of a 
vessel, and goods packed in a warehouse, 
will often catch fire of themselves ^— 
especially such goods as cotton, flax, 
hemp, rags, &c. 

Q. Vf'liy do such goods sometimes catch 
FIRE of themselves ? 

A. Because they are piled together 
in very great masses in u damp state or 
place. 

Q. Whi/ does this produce spontaneous com¬ 
bustion ? 

A. The damp produces decay or the 
decomposition of the goods, and the great 
heat of the piled-up mass makes the 
decaying goods/mwewi. 

Q. How does this fermentation produce 

COMJ3USTION ? 

A. During fermentation,car6omcacit/ 
gas is given off* by the goods,—a slow 
combustion ensues,—till at length the 
whole pile bursts into flame. 

Q. Vf'hy is the heat of a earge mass of 
goods GHEATER than that of a smaller quantity P 

A. Because the carbonic acid cannot 
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escape through the massive pile; and the 
products of decomposition being con fined, 
hasten further changes. 

Q. Why do iiAY-STACKS sometimes catch fire 
of themselves ? 

A. Either because the hay was got 
up damp, or because rain has penetrated 
the stack. 

Q. U'hy ivill d hay-stack catch fire if the 
hay he damj) ? 

• A. Damp hay soon decays^ and 
undergoes a state of fermentation ; during 
which, carbonic acid gas is given off, and 
the stack catches fire. 

Q. Why does roasted coffee sometimes catch 
FIRE spontaneously ? 

A. The heat of coffee is greatly 
increased by being roasted; and the 
carbon of the cojff'ee uniting with the 
oxygen of the air, produces carbo7iic 
acid gaSy and bursts into flame. 

Q. Why do old rags, used for cleaning 
LAMPS and CANDLESTICKS, sometwies set a house 
on FIRE ? 

A. Because they very readily ferment^ 
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and (during fermentation) throw off ex¬ 
ceedingly inflammable gases. 

(N. B. Lamp black mixed with litiseed oil is more liable 
to spontaneous combustion than anything that servants 
handle.) 


CHAPTER IV. 


SMOKE. 


Q. Why does smoke ascend the chimney 

A. As the air of the room passes 
over the fire, it becomes heated; and 
(being thus made lighterj ascends the 
chimney, carrying the smoke with it. 

Q. What is smoke ? 

A. Small particles of carbon, separa¬ 
ted by combustion from the fuel, but not 
consumed. 

Q. Why do SMOKE and steam curl, as they 
ascend ? 

A. They are pushed round and round 
by the ascending and descending currents 
o^* air. 
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Q. What are blacks ? 

A- Smoke condensed by the air into 
flakes, which fall to the earth by their 
own weight. 

Q. are there no blacks in the Sfinoke of 

a RAILWAY enyine ? 

A. The smoke of a railway engine 
consists chiefly of ivatery vapour^ which 
dissolves in air, as sugar does in water; 
but the smoke’ of a common chimney 
consists of small fragments of unhumt 
"fuel. 

The black deposit, which sometimes annoys the railway 
traveller, arises from water thrown through the chimney of 
the locomotive, and made dirty in its passage. 

Q. Why does a “ copper hole ” draw up 
more fiercely than an open stave P 

A. Because the air, which supplies 
the copper hole, must pass through the 
furnace ; and as it becomes exceedingly 
heated^ rushes up the chimney with great 
violence. 

Q. What produces the soaring noise made 
by a COPPER-HOLE fire? 

A. Air rushing rapidly through the 
crevices of the iron door, and up the 
chimney flue. 
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Q. Why is the boar less, if the copper-holc 
DOOR he thrown open ? 

A. Because fresh air gets access to 
the fire more easily ; and as the air is not 
so intensely heated, its motion is not so 
violent, 

Q. Why do some chimneys smoke ? 

A. If fresh air is not admitted into a 
room, as fast as H is consumed by the fire^ 
a current of air will rush down the chimney 
to supply the deficiency, and bring the 
smoke along with it. 

Q. What prevents air being supplied^ as fast 
as it is consumed by the fire? 

A, Leather and curtains round the 
doors; sand-bags at the threshold and 
on the window-frames; and other con¬ 
trivances to keep out the draught. 

Q. Why is it needful for cold fresh air to be 
so constantly supplied ? 

A, If water be taken with a pail out 
of a river, other water will rush towards 
the hole, as soon as the pail is lifted out; 
and if air be taken from a room (as it 
is, when some of it goes up the chimney) 
other air will rush towards the void to 
fill it up. 
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Q. Why will it come down the chimney ? 

A. Because (if the doors and windows 
are all made air-tight) it can get into the 
room in no other way. 

(). What is the best remedy in such a case ? 

A. The speediest remedy is to open 
the door or window: but by far the best 
remedy, is to carry a small tube from the 
hearth into the externarair. 

Q. Why is that the best remedy P 

A. Because the fire will be plenti¬ 
fully supplied with air by the tube: the 
doors and windows may all remain air¬ 
tight ; and we may enjoy a warm fireside, 
without the inconvenience of draughts 
and cold feet. 

Q, Why is a chimney raised so high above 
the RODE ? 

A. If it were not so, it would smoke; 
as all funnels do, which are too short. 

Q. What is meant by the funnel or yjaje of 
a chimney ? 

A. That part of a chimney through 
which the smoke passes^ is called the 
funnel or flue. 

G 2 
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Q. Why does a chimney smoke, if the 
funnel he very short P 

A- Because the draught of a short 

flue is too slack to carry the smoke up 

the chimney. 

* 

Q. Why is the dra.ught of a short flxte 
more slack than that of a long one ? 

A. For many reasons : 1st— The 
Jire is always dull and sluggish if the 
chimney be too short: 

2ndly—The smoke rolls out of the 
chimney, before it has acquired its full 
velocity: and 

3rdly—The wind, rain, and air, have 
more influence over a short funnel than 
over a long one. 

Q. Why is the fire always dull and sluggish, 
if the CHiMNEY-FLXTE be very short ? 

A. Because the draught is so bad : 
and as the rarefied air passes up the 
chimney very tardily^ fresh air flows as 
tardily towards the jire^ to supply it with 
oxygen. 

Q. On what does the intensity of fire depend ? 

A. The intensity of fire is always in 
proportion to the quantity of oxygen with 
which it is supplied. 
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Q. Why does not smoke acquire its full 
VELOCITY in a anovi funnel ? 

A. Because the higher ^moke ascends, 
(provided the flue be clear and hot) 
the faster it goes: if, therefore, a funnel 
he very short, the smoke never acquires 
its full velocity. 

Q. Does the draught of a chimney depend 
on the SPEED of the smoke thimigh the flue ? 

A. Yes. The more quickly hot air 
flies up the chimney, the more quickly 
cold air will rush towards the fire to 
supply the place; and, therefore, the 
longer the flue, the greater the draught, 

Q. Why is the draught of a long flue 
greater than that of a short one ? 

A Because the higher smoke ascends, 
X\ie faster it goes; if, therefore, a funnel 
be long, the smoke acquires great velocity, 
and the draught is great. 

Q. If a CHIMNEY he too short, and cannot 
he lengthened, what is the best remedy to prevent 
smoking ? 

A. To contract the opening of the 
chimney contiguous to the stove. 

Q. miy will a smaller ofen^ing against the 
•stove prevent the smoking ? 
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A. Because the air (being more 
heated by nearer contact with the fire) 
will rise through the chimney more 
rapidly: and this increase of heat will 
compensate for the shortness of the Jlue. 

Q. IVhy will a room smoke, ij there he two 
FIRES m it ? 

A. Because the fiercer fire will 
exhaust the most air; and draw from the 
smaller one to supply its demand. 

Q. Why will a chimney smoke, if there he a* 
FIRE iti TWO booms communicating with each 
other ? 

A. Because, (whenever the door be¬ 
tween the two rooms is opened)y air will 
rush from the chimney of the inferior 
fire to supply the other; in consequence 
of which, both rooms will be filled with 
smoke. 

Q. What is the best remedy in this case ? 

A. Let a tube be carried from the 
hearth of each stove into the external 
air; and then each fire will be so rvell 
supplied, that neither will need to 
borrow from the other. 

Q. Why do vestry chimneys so often, 

SMOKE ? 
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A. Because the wind (striking against 
the steeple) is reflected back; and, rushing 
down the vestry chimney, forces the smoke 
into the room. 

Q. What winds make vestrij chimyieijs 
smoke p 

A. Those from the north-east or 
south-east: according to the position of 
the vestry. 

Q. Why will the easteen winds make 

VESTRIES SMOKE, mare than those from the ivest ? 

A. Because they strike against the 
steepley and hound back to the vestry 
chimney: but western winds cannot 
rebound over the roof of a church. 

N. B. The steeple of a church is always due west^ and the 
other end of the church due east; if, therefore, a western 
wind were to rebound, it would rebound to the west (or ■ 
away Jrom the church) y and not towards it. 

Q. Why does a house in a vallet very 
often SMOKE ? 

A. Because the wind (striking against 
the surrounding hills) hounds hack 
again upon the chimney, and destroys 
its draught. 

Q. What is the common eemedt in both 
these cases ? 
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A. To 6x a cowl on the chimney 
top, to turn like a weather-cock, and 
present its back to the wind. 

Q. Why will not a cowl always pketent 
a chimney smoking ? 

A. If the wind be strongy it will keep 
the opening of the cowl towards the steeple 
or hill; and then the reflected wind will 
blow into the cowly and down the chimney. 

Q. As a cowl is such a poor remedy^ can 
any other be devised ? 

A. If the chimney flue can be carried 
higher than the steeple or hills, no wind 
can enter the flue. 

Q. If a chimney flue he carried up higher 
thayi the steeple or hills^ why cannot the wind enter it ? 

A. Because the reflected wind would 
strike against the sides of the chimney- 
flue, and not pass over the opening at all. 

Q. In what other cases will a chimney 

SMOKE ? 

A. If both door and chimney be 
placed on the same side of a room, the 
clrmney will often smoke. 

Q. Why will a chimney smoke, if the door 
and stove are both on the same side ? 
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A. Because (whenever the door is 
opened), a current of air will blow into 
the chimney-place, and drive the smoke 
into the room. 

Q. What BEMEDY can he applied to this evil ? 

A. The door must be set opposite 
to the chimney, or nearly so j and then 
the draught from the door will blow the 
smoke up the ckimneyy and not into the 
room. 

Q. Why will a chimney smoke if it needs 

SWEEPING ? 

A. Because the obstruction in the 
chimney (presented by the loose soot 
to the free passage of the smoke) delays 
its currenty and prevents the draught. 

Q. Why will a chimney smoke if out 

OF REPAIB? 

A. 1st—Because the loose mortar 

and bricks obstruct the smoke : and 

2ndly—^The cold air (oozing through 
the chinks) chills the air in the chimneyy 
and prevents its ascent. 

Q. Why will an arnott’s stove smoke, if 
the joints of the flue do not fit air-tight ? 

A. Because the cold air (which gets 



70 


CHEMICAL ACTION. 


through the joints) chUls the air in the 
flue, and prevents its ascent. 

Q. Why does an old fashioned itarm chim- 
NEY-rLACE so often smoke P 

A. Because the opening is so very 
lurye, that much of the air which goes 
up the chimney, /tas never passed near 
the fire; and this coZc? air (mixing with 
the hot), so reduces its temperature, 
that it ascends very slowly, and the 
draught is destroyed. 

Q. Why does a chimney sinohe^ if the 
DRArGHT he SLACK ? 

A. Because the current of air up the 
chimney is not powerful enough to buoy 
up the smoke through the flue. 

Q. If the opening of a chimney he too 
LARGE, n hat REMEDY can he applied ? 

A. The chimney-place must be con¬ 
tracted. 

Q. Why will contbactino the chimney-place 

PREVENT its SMOKING ? 

A. Because the air will then pass 
nearer the f re ; and (being moreheatedj 
fly faster up the chimney. 



CHIMNEY-POTS- 


71 


Q. Why do almost all chimneys smoke 
in GUSTY weather ? 

A. Because the column of smoke is 
suddenly chilled by the wind, and (being 
unable to ascend) rushes back into the 
room. 

Q. What is the use of a chimnet-pot ? 

A. When the opening of a chimney is 
too large^ a chimney-pot will serve to 
increase the draught. 

Q. Uoic does a chimney-pot increase 
the DRAUGHT of a chimney ? 

A. As the same quantity of hot air 
has to escape through a smaller opening^ 
it must pass through more quickly. 

Q. Why do tin blowteks help to get a fire up ? 

A. Because they compel the air to 
go through the fire, and not over it; 
in consequence of which, the fire is well 
supplied with oxygen, and the draught 
greatly increased. 

Q. Why does a tin blower increase the 

DRAUGHT ^ 

A. Because the air (by passing 
through the fire) is made much hotter, 
and ascends the chimney more rapidly. 
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Q. Why is a fire better supplied with oxygen, 
while the tin-blower hangs before it ? 

A. Because the tin blower increases 
the draught; and the faster the hot air 
flies vp the chimney, the faster cold air 
will rush towards the fire to supply it with 
oxygen, 

Q. Why dons a parlour often smell dis- 
agreeably of soot in summek-time ? 

A. Because the air* in the chimney 
(being colder than the air in the parlourj 
descends into the room^ and leaves a 
disagreeable smell of soot behind. 

Q. Why are the ceilings of public orricES 

BLACK and filthy ? 

A. Because the heated air of the office 
buoys up the dust and fine soot; which 
(being unable to escape through the 
plaster) is deposited on the ceiling. 

Q. Why are some parts of the ceiling 
BLACKER and more filthy than others P 

A. As the air cannot penetrate the 
thick joists of the ceiling, it passes by 
those parts, and deposits its soot and 
dust on others more penetrable. 

N.B. The site of this deposit of soot and dust is 
frequently deteimined by draughts and currents of air. 
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Q. Whai is chabcoal ? 

A. Wood which has been exposed 
to a red heat, till it has been deprived of 
all its gases and volatile parts. 

Q. Why is a CHARCOAL FIRE hotter than a 
ivood fire ? 

A. Because charcoal is very 'pure 
carbon; and as it is the carbon of fuel 
which produces the glo^^^ng heat of com¬ 
bustion, therefore, the purer the carbon 
the more intense will the heat of the fire be. 

Q. Why does charcoal remove the taint of 
meat ? 

A. Because it absorbs all putrescent 
effluvia, whether they arise from animal 
or vegetable matter. 

Q. Why is water purified by being filtered 
through charcoal ? 

A. Charcoal absorbs the impurities 
of the water, and removes all disagree¬ 
able tastes and smells, whether they 
arise from animal or vegetable matter. 

Q. Why are mater and wine casks ciiARnEi) 
inside P 

A. Because charring the inside of 
the cask reduces it to u hind of char- 

II 
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coal; and charcoal (by absorbing animal 
and vegetable impurities) keeps the 
liquor sweet and good. 

Q. Why does a piece of burnt bread 
mahe impure water fit to drink ? 

A. Because the surface of the bread 
(which is reduced to charcoal by being 
burnt) absorbs the impurities of the 
water^ and makfis it pala.table. 

Q. Why should the toast and water, placed 
hy the side of the sick, he made of burnt bread ? 

A. Because the surface of the bread 
(reduced to charcoal by being burnt) 
prevents the water from being affected 
by the impurities of the sick room. 

Q. Wl\y should sick persons eat dry toast, 
rather than bread and butter ? 

A. Because the charcoal surface of 
tlie dry toast helps to absorb the acids 
and impurities of a sick stomach. 

Q. Why are timbers, which are to he eaptosed 
to damp, CHARRED ? 

A. Because charcoal undergoes no 
change by exposure to air and water ; in 
consequence of whicli, timber will resist 
weather much longer after it has been 
charred. 
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CHAPTER V. 


LAMPS AND CANDLES. 


Q. Of u'haf are oil, tallow, and wax 
cainiiosed ? , 

A. Principally of carbon and hydro¬ 
gen gas. The solid part is carbon, the 
volatile part is hydrogen gas. 

Q. What is CARBON ? 

A. A solid substance, generally of a 
black colour; well known under the 
forms of charcoal, lamp-black, coke, &c. 

Q. JVhat is hydrogen gas ? 

A. The principal ingredient of' 
water. It is well known in the form of 
common coal gas : it burns so readily 
that it used to be called ^^inflammable 
air.’’* 

Q. Why does a candle burn, xchen lighted ? 

A. The heat of the lighted wick 
decomposes the tallow into its elementary 

* To make hydrogen gas, see p. 30. 

H 2 
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parts of carbon and hydrogen; and the 
hydrogen of the tallow^ combining with 
the oxygen of the ah\ produces 

Q. Where is the tallow or xnice of a candle 
decompostd ? 

A. In the wide. The heat of the 
lighted wick first melts the tallow or wax, 
which rises (by capillary attraction) up 
the wide, and is rapidly decomposed by 
the heat of the flame. 

Q. TP hat is cajyillary attraction ? 

A. The power which very minute 
tubes possess, of causing a liquid to rise 
in them above its level. 

“ Capillary,” from the Latin word “ capillaris” {lilce a hah'), 
the tubes referred to tiro almost us fine and delicate as u hair. 

Water ascends tlirongh a lump of aiigai*, or piece of 
sponge, by capillary attraction; and sap rises from the root 
to the topmost branch of a tall tree l)y the same influence. 
N. B. The smaller a tube, the higher will u liquid be 
attracted by it. 

Q. Why is the flame of a candU hot ? 

A. Because the flame liberates latent 
heat from the air and tallow. 

Q. How is LATENT HEAT liberated by the 
lame of a candle? 

A. When the elements of the tallow 
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combine with the oxygen of the air, latent 
heat is liberated by the chemical changes, 

Q. Whij does the flame of a candle produce 

LIGHT ? 

A. Because the chemical changes 
made by combustion, excite undulations 
of ether, which (striking the eye) produce 
light. 

• See p. 48. 

Q. Why is the flame of a candle yellow ? 

A. It is not so altogether : only the 
outer coat of the flame is yellow; the 
lower part is violet; and the inside of the 
flame hollow, 

Q. Why is the outside of the flame yellow ? 

A. Because the carbon of the talloiu 
(being in a state of perfect combustion) is 
made white-hot. 

Q. Why is the bottom part of the flame 

PURPLE ? 

A. Because it is overladen with hydro-- 
gen (raised from the tallow by the burning 
wick); and this half-burnt gas gives a 
purple tinge to the flame. 

Q. Why is the inside of the flame of a candle 

WOLLOW ? 

H 3 
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A. Because it is filled with vapour, 
raised fi'om the candle by the heat of the 
Il'ich, and not yet reduced to a state of 
combustion. 

Q. Describe the different jnirts of the flame of 

a common candle. 

A. The flame consists of three cones. 
The innermost cone is hollow; the 
intermediate cone of a dhigy purple hue j 
and the outside cone is yellow. 

Q. Why is the intermediate cone of a flame 
PURPLE, as well as the bottom of the flame ? 

A. Because the gases are not in a 
state of perfect combustion ; but contain 
an excess of hydrogen^ which gives it the 
purple tinge. 

Q. Why is not the middle co7ie in a state of 
peifect combustion^ as well as the outer cone P 

A. Because the outer cone prevents 
the oxygen of the air from getting to it; 
and without the free access of oxygen 
gas, there is no such thing as complete 
combustion. 

Q. Why does the flame of a candle point 

UPWARDS ? 

a. Because it heats the surrounding 
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air, which (being hot) rapidly ascends, 
and drives the flame upwards at the 
same time. 

Q. Why is the fla:^ie of a candle pointed at 
the top, like a cone ? 

A. Because the upper part of a flame 
is more volatile than the lower ; and as 
it 'vfFords less resistance to the air, is 
reduced to a mere point. 

Q. Why are the lower parts of a flame less 
VOLATILE than the upper ? 

A. Because they are laden with 
unconsumed gas and watery vapour; 
which present considerable resistance to 
the air. 

Q. Why is the fla;me of a candle blown out 
by a jniff of breath ? 

A. Because it is severed from the 
wick, and goes out for want of support. 

Q. Why does the flame of a candle make a 
GLASS (which is held over it) damp ? 

A. Because a “watery vapour’^ is 
made by the combination of the hydrogen 
of the tallow with the oxygen of the aii\ 
which is condensed by the cold glass 
held above the flame. 
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Q. Why does our handy held above a candle, 
suffer from the heat of the flame so much more, than 
when it is placed below the flame, or on o^e side 
of it ? 

A. Because the hot gases and air 
(in their ascent) come in contact with 
the hand placed above the flame: but 
when the hand is placed below the 
flame, or on one side, it only feels heat 
from radiation. 

Badiation i. e. emission of rays. 

Q Why is a rush light extinguished 
more quickly, than a cotton-wicked candle ? 

A. For two reasons: 1st—Because 
the rush is smooth and hard; in 
consequence of which, the flame is more 
. easily severed from it: and 

2ndly—A rush supplies fewer com~ 
bustihle gases, than the porous wick of a 
cotton candle. 

Q. Why is it more difficult to blow out a 
COTTON vticlt ? 

A. 1st—Because the cotton wick is 
quite full of small threads or filaments, 
which help to hold the flame on the wick, 
like the roots, of a tree : and 
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Sndly—A cotton wick (being very- 
porous) supplies the flame with more 
combustible gases, than a hard rush. 

Q. IVhy is a gas flame more easily extin- 
rfvished nlien the jet is very sUyhtly turned on, than 
trhot it is in full strerun ? 

A. Because there are fewer combus¬ 
tible gases in the small flame, than in the 
full blaze. 

Q. Why does an EXTiNGUisnEK put a candle 
out P 

A. Because the air in the extinguisher 
is soon exhausted of its oxygen by the 
flame: and when there is no oxygen to 
sujyport the flame, it goes out. 

The extinguisher acts mechanically also, by nippiny tlte 
flame out. 

Q. Why does not a candle set fire to a piece of 
PA PEE t ids ted into an extinguisher, and used as such ? 

A. 1st—Because the flame very soon 
exhausts the little oxygen contained in the 
paper extinguisher: and 

2ndly—The flame invests the inside of 
the paper extinguisher with carbonic acid 
gas, which prevents it from blazing. 

See also the note added to the last question. 
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Q. Why is a long wick never upfiyhtP 

A. Because it is bent by its own 
weight, 

Q. Why is a long wick covered with an 

EFFLORESCENCE at the top? 

A. The knotty or flowery appearance 
of the top of a wick arises from an 
accumulation of particles pa rtly separated^ 
but still loosely hanging to the wick. 

Q. Why is not the end of a long u ick burnt 
OFF, as it hangs over the flame ? 

A. Because the length of the wick 
so diminishes the heat of the Aame, that 
it is not hot enough to burn it off. 

Q, miy do palmeb’s metallic wicks never 
need snuffing? 

A. Because the wick is divided into 
two parts, each of which bends towards 
the outside of the flame, where the end 
is intensely heated, and separated from 
the wick by the current of air up the 
candle. 

N. B. The small ivire twisted in the wick greatly assists 
die process. 
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A. Because the heat of the flame is 
not sufficient to consume the wick; and 
the longer the wick grows, the less heat 
the flame produces. 

Q. Why do wax cakbles neyeb need 

SNTJFFING ? 

A. Because the wick of wax candles 
is made of very fine thready which the 
heal of the flame is suflicient to consume: 
The wick of tallow candles (on the other 
hand) is made of coarse cotton, which is 
too substantial to be consumed by the 
heat of the flame, and must be cut ofif by 
snuffers. 

Q. Why does a pin, stuck in a rttsh-i-ight, 

EXTlNGiriSIT it ? 

A. Because a pin (being a good 
conductor) carries away the heat of the 
flame from the wick, and prevents the 
combustion of the tallow. 

Q. What is the smoke of a candle ? 

A. Solid particles of carbon separated 
from the wick and tallow, but not 
consumed. 

Q.. Why are some 2^articles consumed and not 
OTHEBS ? 
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A. The combustion of the carbon 
depends upon its combining with the occy- 
gen of the air: Now, as the outer 
surface of the flame prevents the access 
of air to the interior partSy much of the 
carbon of those parts passes off in smoke. 

Q. Why do lamps smoke ? 

A. Either because the iviclc is cut 
unevenlyy or else because it is turned up 
too high. 

Q. Why does a lamp smoke, ivhen the wick is 

cut UNEVENLY ? 

A. 1st—Because the points of the 
jagged edge (being very easily separated 
from the wick) load the flame with more 
carbon than it can consume: and 

2ndly—As the heat of the flame is 
greatly diminished by these bits of rvicky 
it is unable to consume even the usual 
quantity of smoke. 

Q. Why does a lamp smoke, when the wick 
is turned up too high ? 

A. Because more carbon is separated 
from the wick, than can be consumed by 
the flame. 

Q. Why do not “ ahgand burners ” smokeP 
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A. Because a current of air passes 
through the middle of the flame ; in con¬ 
sequence of which, the carbon of the 
interior is consumed, as well as that in 
the outer coating of the flame. 

Q. Why does a lamp-gIiASS diminish the 
SMOKE of a lamp ? 

A. 1st—Because it increases the 
supply of oxygen to the flame by produc¬ 
ing a draught; *and 

2nclly—It concentrates and reflects the 
heat of the flame; in consequence of 
which, the combustion of the carbon is 
more 'perfect^ and very little escapes 
uiiconsumed. 


CHAPTER VI. 


ANIMAL HEAT. 


Q. JVhat is the cause of animal heat? 

A. Animal heat is produced by the 
combustion of hydrogen and cai'bon in 
tlic capillary veins. i 
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Q. What are capillary veins? 

A. Veins as small as hairs running 
all over the body ; and so called from the 
Latin word “ capilla'ris” flike a hair). 

Q. T>o these capillary veins run all over the 
human body ? 

A. Y es. Whenever blood flowsfrom 
a wound, some vein must be divided; and 
as you can scarcely insert a needle into 
any part of the body without hringing 
blood, these little veins must run through 
every part of the human frame. 

Q. How do HYDROGEN gas and carbon yet 
into these rery little veins ? 

A. The food we eat is converted into 
blood, and blood contains both hydrogen 
and carbon. 

Q. How does combustion take place in the 
capillary veins ? 

A. The carbon of the blood combines 
with the oxygen of the air we breathe, 
and forms into carbonic acid gas. 

Q. What BECOMES of this carbonic acid gas 
firmed in the hivtnan blood ? 

A. Almost all of it is thrown off by 
the lungs into the air, by the act of 
respiration. 
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Q. Tfhat OASIS generated in a common fibe 

by COMBUSTION ? 

A. Carbonic acid gaSy formed by the 
union of the carbon of fuel with the oxygen 
of the air, 

Q. IVliat GAS is generated by a lighted can¬ 
dle or LAMP ? 

A. Carbonic acid gasy formed by the 
union of the caxbon of \he oil or tallow 
with the oxygen of the air. 

Q. What is the cause of spontaneous 

COMBUSTION ? 

A. The piled-up goods ferment from 
heat and damp; and (duringfermentation) 
carbonic acid gas is formedy as in the two 
former cases. 

Q. Does the heat of the human body arise 
from the same cause, as the heat of fire ? 

A. Yes, precisely. The carbon of 
the bloody combining with the oxygen of 
air inhaledy produces carbonic acid gaSy 
which is attended with combustion. 

Q. If animal heat is'produced by combustion, 
why does not the human body burn up like a coal 
or candle P 

A. It actually does so. Every muscle, 

I 2 
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nerve, and organ of the body, actually 
wastes away like a burning candle; and 
(being reduced to air and ashes) is 
rejected from the system as useless. 

Q. If evert/ hone^ muscle, nerve, and ot(/an, is 
ihtis consumed hy combustion, why is not the body 
entirely consumed ? 

A. It would be so, unless the parts 
destroyed were perpetually renewed: but 
as a lamp will not go out, so long as it is 
supplied with fresh oil; neither will the 
body be consumed, so long as it is 
supplied with sufficient food, 

Q. What is the inincipal difference between 
the combustion of a fire or damp, and that of the 

HUMAN BODY ? 

A. In the human body the combustion 
is effected at a much lower temperature, 
and much more slowly, than it is in a 
lamp or fire. 

Q. How can carboit be made to burn at so 
liOW a temperature in the human body? 

A. Because the carbon in the blood is 
reduced to very minute particles; and 
these particles are ready to undergo a 
rapid change, as soon as oxygen is 
supplied to them. 
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Q. When a man is stabvbd, what parts of 
the body go first ? 

A. First the/af, because it is the most 
combustible; XhenWiQmuscles; lastofalL 
the hrain; and then the man dies, like 
candle which is humt out. 

Q. Why does want of sufficient noubtshment 
often produce madness ? 

A. After the fat anU muscles of the 
body have been consumed by animal 
combustion, the hrain is next attacked; 
and (unless the patient dies) madness 
must ensue from starvation. 

Q. Why does a man shrink, when starved P 

A. A starved man shrinks just as a 
fire does, unless it be supplied with 
sufficient fuel. 

Q. What is the fuel of the body ? 

A. Food is the fuel of the body ; and 
the carbon of the food mixing with the 
oxygen of the air, evolves heat in the 
same way that a fire or candle does. 

Q. Why is evert part of the body warm? 

A. Because the capillary veins run 
^through every part of the human body, 

I 3 
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and the combustion of blood talces place 
in the capillary veins. 

See p. 80. 

^ Q. Why does eunning moke us warm ? 

• A. Because we inhale air more 
rapidly, and cause the blood to pass 
more rapidly through the lungs in contact 
with it; running, therefore, acts upon 
the capillary veins, as a pair of bellows on 
a common fire. 

Q. How does inhauns air rafidly maXe the 
body feel warm ? 

A. As more oxygen is introduced into 
the body, the combustion of the blood 
is more rapid, —the blood itself more 
heated, —and every part of the body is^ 
made warmer. 

Q. Why does hard work produce hunger ? 

A. Because it produces quicker respi¬ 
ration; by which means, a larger amount 
of oxygen is introduced into the lungs, 
and the capillary combustion increased. 

■ Hunger is the notice (given by our bodjH 
. to remind us, that our food-Juel must be 
■replenished. 
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Q. Why does singinq make us hungry ? 

A- increasesrespiration; and 

as more oxygen is introduced into the 
lungs, our food-fuel is more rapidly, 
consumed. 


Q. Why does reading aloud make us feel 

HUNGRY ? 

A. Reading aloud increases respira-^ 
lion; and as more oxygen is introduced 
into the lungs, our food-fuel is more 
rapidly consumed. 


Q. ^ Why do we feel more hungry in the day¬ 
time, than in the night ? 

A. As we breathe more slowly during 
sleep, therefore, less oxygen is introduced 
J^nto the lungs to consume our food-fuel, 

r Q. Why do we need warmer clothing by 
NIGHT than by day ? 

A. 1st —because thenight is generally ; 

colder than the day: and I 

2ndly—Our bodies are colder also: j 
because we breathe more slowly, and our 
nimal combustion is retarded. 

Q. Why do we terspire, when very hot P 
A. The pores of the body are like the 
safety valves of a steamr-engine; when 


* 
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the heat of the body is very great, some 
of the combustible matter of the blood 
is thrown off in perspiration, and the 
heat of the body kept more temperate. 

Q. Why do persons feel lazy and averse to 
exercisef ivhen they are half-starved or ill-fed ? 

A. Animal food contains great nou¬ 
rishment, and produces a desire for active 
occupations; but when the body is not 
supplied with strong food, tliis desire for 
muscular action ceases, and the person 
grows slothful. 

Q. Why have persons, who follow hard out- 
of-doors OCCUPATIONS, more appetite than those 
who are engaged in sedentary pursuits ? 

A. Hard bodily labour in the opei^ 
air causes much, oxygen to be conveyed ^ 
into the lungs by inspiration; the com¬ 
bustion of the food is carried on quickly ; 
animal heat increased; and need for 
nutritious food more quickly indicated 
by craving hunger. 

Q. Why have persmis, who follow sedentabiH 

PURSUITS less APPETITE, than ploughmen 
masons ? 

A. 1st—Because the air they inhale , 
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is less purcy being deprived of some of its 
oxygen: and 

2ndly—Their respiration is neither so 
qiiiclc nor strong; and, therefore, the 
combustion of their food is carried on 
more slowly. 

(}. JJ7ii/ do ive like strong meat and greasy 
food u'hoL the weather is very cold ? 

A. Strong ipeat anJ grease contain 
large portions of carbon and hydrogen^ 
which (when burned in the blood) pro¬ 
duce a larger amount of heat, than any 
other kind of food. 

Q. Why do i>ersons eat more food in cold 
v eather, than in hot ? 

A. In cold weather the body requires 
more fuel to keep up the same amount of 
animal heat; and as we put more coals 
on a fire (on a cold day), to keep our 
room warm j so we eat more food on a 
cold day, to keep our body warm. 

Q. JFhy does cold produce hunger ? 

A. 1st—Because the air contains 
rSbre oxygen in cold weather; and, 
therefore, fires burn fiercer^ and animal 
combustion is more rapid: and 
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2ndly—As we are more active in cold 
weather, our increased respiration acts 
like a pair of bellows on the capillary 
combustion. 

Q. Why does rapid digestion produce a 
craving appetite ? 

A. This is a wise providence to keep 
our bodies in health; In order that the 
body itself may not he consumed, it 
gives notice (by hunger) that the capillary 
fires need replenishing, 

Q, Why do ive feel a desire for activity in 
cold weather ? 

A. 1st—Because activity increases 
the warmth of the body, by fanning the 
combustion of the blood: and 

2ndly—^The strong food we eat creates 
a desire for muscular exertion. 

Q. Why are the Esquimaux so passionately 
fond of TRAIN OIL and whale blubber ? 

A. Oil and blubber contain large 
quantities of carbon and hydrogen, which 
are exceedingly combustible; and as 
chese people live in climates of intense 
cold, the heat of their bodies is increased 
by the greasy nature of their food. 
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U. IVhy do we feel a dislike to strong meat 
and greasy food in very hot weathei' ? 

A. As strong meat and grease contain 
so much carbon and hydrogen^ that they 
would make us intensely hotj we instinc¬ 
tively refuse them in hot weather. 

Q. TF/iy do we like fruits and vegetables 
most in hot weather ? 

A. Because they contain less hydrogen 
and carbon than meat, and therefore pro¬ 
duce both less bloody and blood of a les^ 
combustible nature, 

Q. Why is the blood of a less combustible 
nature, if we live chiefly wpon fruits and vege¬ 
tables ? 

A. Because fruits and vegetables 
supply the blood with a very large amount 
of water; which is not combustible, like 
the carbon and hydrogen of strong meat. 

Q. How do FRUITS and vegetables cool 

the BLOOD ? 

A. 1st—^They diminish the amount 
of carbon and hydrogen in the blood, 
which are the chief causes of animal heat : 
and 

2ndly—^They supply the blood with a 
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large amount of water, which fexhaling 
through the skinj leaves the body cool. 

Q. Whj/ do we feel lazy and averse to activity 
in very hot weather ? 

A. 1st—Because muscular activity 
increases the heat of the body, by 
quicicening the resjnration : and 

2ndly—The food we eat in hot weather 

(not being greasy) naturally abates our 

desire for bodily activity, 

^ Q. Why do the inhabitants of tropical 
'coioitries live chiefly vpon rice and fruit? 

A. Because rice and fruit (by diges¬ 
tion) are mainly converted into water; 
and (by cooling the bloodj prevent the 
tropical heat from feeling so oppressive. 

Q. Why are very poor people instinctively 

AVERSE to CLEANLINESS ? 

A. 1 st—Because cleanliness increases 
hunger; and as very poor people are 
ilUfed, cleanliness would increase their 
craving: and 

2ndly— Dirt is warm, (thus pigs who 
love warmth, are fond of dirt); to those, 
therefore, who are very ill-clad, the 
warmth of dirt is agreeable. 
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Q. Why are very poor peoplk instinctively 

AVERSE to VENTILATION ? 

A, 1 St —Because ventilation increases 
the oxygen of the ah\ —the combustion of 
food, —and the cravings of appetite : and 

2ndly—Ventilation cools the air of our 
rooms: to poor people, therefore, who 
are ill-clad, the warmth of an ill-ventila¬ 
ted apartment is agreeable. 

Q. Why docs flannel, d(}. make us warm? 

A. Flannel and warm clothing do 
not make us warm, but merely prevent 
our body from becoming cold, 

Q. How does FLANNEL, dc. prevent our body 
from hecominy cold ? 

A. Flannel (being a bad conductor) 
will neither carry off the heat of the body 
into the cold air, nor suffer the cold of 
the air to come into contact rvith our 
warm bodies; and thus it is, that flannel 
clothing keeps us warm. 

Q. Whyare frogs and fishes cold-blooded . 
animals P 

A. Because they consume but very 
little air ; and without a plentiful supply 
of air, combustion is so slow, that very 
kittle animal heat is evolved. K 
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Q, Why is a dead body cold? 

A. Because air is no longer conveyed 
to the lungs, after respiration has ceased; 
and, therefore, animal heat is no longer 
evolved by combustion. 


CHAPTER VII. 


MECHANICAL ACTION. 


1.—PERCTTSSION. 

Q. How is heat produced hy mechanical 

ACTION ? 

A. 1.—By Percussion. 2.—By Fric¬ 
tion. And 3.—By Condensation. 

Q. What is meant hy percussion ? 

A. The act of striking; as when a 
blacksmith strikes a piece of iron on his 
anvil with his hammer. 

Q. Why does striking iron make it red 

I"OT ? 
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A. Striking the iron condenses the 
particles of the metal; and makes the 
latent heat become sensible, 

Q. Docs coiiD iron contain heat ? 

A. Yes; every thing contains heat; 
but when a thing feels coldy its heat is 
LATENT. 

Q. JT'hat is meant hjj i^atent heat? 

A. Heat not perceptible to ourfeeling. 
When anything contains heat without 
feeling the hotter for it, that heat is called 
latent'^ 

See p. 83. 

Q. Does COLD iron contain latent heat? 

A. Yes; and when a blacksmith 
compresses the particles of the iron by 
his hammer, he brings out latent heat, 
and this makes the iron red-hot. 

Q. How used blacksmiths to light their 
MATCHES, before the general use of lucifers P 

A. They used to place a soft iron 
nail upon their anvil; strike it two or 
three times with a hammer; and the 
point became sufficiently hot to light a 
brimstone match, 

Q. How can a nail (beaten by a hammer) 

' IGNITE a brimstone match ? h 9 
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A. When the particles of the nail are 
compressed by the hammer, they cannot 
contain so much heat in a latent state as 
they did before; so some of it becomes 
sensibley and increases the temperature 
of the iron. 

Q. Why does striking a flint against a 
inece of steel j)rodHce a spark ? 

A. The blow Compresses those parts of 
the flint and steel which strike together^ 
and some of tlieir latent heat (being 
disturbed) is developed in a spark. 

Q. How does this development of heat pro¬ 
duce a SPARK, and set tinder on fire P 

A. A very small fi’agment (either of 
the steel or flint) is knocked off red-hot^ 
and sets fire to the tinder on which it falls. 

Q. Why is it needful to heep blowing the 
TINDER with the breath P 

A. In order that the increased supply 
of air may furnish the tinder with more 
oxygen to assist combustion. 

Q. Where does the oxygen of the air come 
I'ROM, which is blown to the lighted tinder P 

A. From the air itself, which is com- 
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posed of two gases C^iitrogen and oxygenj 
mixed together. 

Every 5 gallons of common air contain 4 gallons of 
nitrogen, and 1 of oxygen. 

Q. What is the use of oxygen gas to lighted 
tinder P 

A. Oxygen gas supports comhustion : 
hlojving lighted tinder (jarries oxygen to 
it and quickens •it, in the same way as a 
pair of bellows quickens a dull fire. 

Q. Why do HORSES sometimes strike fire 
iviih their feet? 

A. When iron horse-shoes strike 
against the flint-stones of the road, very 
small fragments (either of the shoe or 
stones) are knocked off red-hot, and look 
like sparks. 

-- Q. What makes these fragments red-hot? 

A. The percussion condenses the part 
struck; and some of its latent heat (ren¬ 
dered sensible) produces this red heat. 
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CHAPTER VIII. 


2.—FRICTION. 

3.—CONDENSATION. 

Q. What is ,neant hy rarcTioN ? 

A. The act* of ruhhing two things 
together; as the Indians rub two pieces 
of wood together to produce fire. 

Q. How do the Indians •produce fire, hy 
merely rubbing two pieces oJ dry wood 

TOGETHER ? 

A. They take a piece of dry wood 
(sharpened to a point), which they rub 
quickly up and down a flat piece, till a 
groove is made; and the dust (collected 
in this groove) catches fire. 

Q. Why does the dust of the wood catch 

FIRE hy RUBBING ? 

A. Because latent heat is developed 
from the wood hy friction. 

Tlie best -woods for this purpose are hox-wood against 
jjwi tlherryj or laurel against or ivy. 

Q. Do not CARRIAGE WHEELS smiietimes 
CATCH FIRE? 
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A. Yes; if the wheels be dry ^— 
too tightly^ —or revolve very rapidly^’-* 
they often catch fire. 

^ Q. Why do wheels catch fire in stich cases ? 

A. Because the friction of the wheels 
against the axle-tree disturbs their latent 
heat, and produces ignition. 

Q. What is the use hf greasing cart 

WHEELS ? 

A. The grease lessens the friction; 
and (by diminishing the friction) the 
latent heat is less disturbed. 

^ Q. Why does rubbing our hands and faces < 
* make them feci warm ? 

A. 1st—Because friction exciter the 
latent heat of our hands and faces, and 
makes it sensible to our feeling: and 

2ndly—As the blood is made to • 
circulate more quickly —the quantum of' 
heat (left in its passage) is increased * 
also. 

Q. Whe7i a man has been almost drowned, 
ichy is suspended animation restored by rubbing ? 

A. 1st—Because friction excites the 

latent heat of the half*inaniinate body: and 
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2ndly—It makes the blood circulate 
more quicMy, which increases the animal 
heat. 

Q. TP hy do two pieces of ice (ruVbed together) 

MELT ^ 

A. Ice contains 140 degrees of latent 
heat, and (when two pieces are rubbed 
together) some of this latent heat is 
made sensible, and melts the ice. 

Q. Are not forests sometimes set on fire 
hy friction ? 

A. Yes; when two branches or 
trunks of trees (blown about by the 
wind) ruh violently against each other,'^ 
their latent heat is developedy and sets 
fire ft) the forest. 

3.—CONDENSATION or 
COMPRESSION. 

i}. What is meant hy compression ? 

A. The act of hi/nging parts nearer 
together; as a sponge is compressed by 
being squeezed in the hand, 

Q. Cannot heat be evolved from common air 
merely hy compression ? 



COMPRESSION. 


105 


A. Yes; if a piece of German Under 
be placed at the bottom of a glass tuhcy 
and the air in the tube compressed by a. 
pistonf^ the tinder will catch fire. 

Q. Why will the tinder catch fire? 

A. Because the air is compressed; 
and its latent heat being squeezed out, 
sets fire to the tinder at^the bottom of 
tlie tube. 

Q. When an aib-gujj is discharged in the 
darkj why is it accompanied ivith a slight j'l vsh ? 

A. Because the air is very rapidly 
condensed, and its latent heat developed 
in a flash of light, 

N.B. If a glass lens be fixed in tlie copper ball, whore 
the air of the gun is condensed, a flash of light may be 
distinctly discerned at the stroke of the piston. 

Q. Why is the top of a mountain colder 
than the valley beneath, although it he two or 
three miles nearer the sun P 

A. 1st.—Because the air on a moun¬ 
tain is less compressed, than that in a 
valley: and 

2ndly—It is less heated by reflection. 

* In a common syringe or squirt, the handle pari (whioli 
contains the sucker, and is force<l up and down), is called 
» The Piston.” 
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Q. Why is air on a mountain ooldet?, 
because it is less compressed.'' 

A. As the air on a mountain is not 
compressed by so large a volume of air 
as that below, less of its latent heat is 
disturbed and rendered sensible. 

Q Why is a mountain-top cold, because 
the air is not heated by reflection ?” 

A. Air is not heated by the sim, but 
by reflection from the surface oj the earth ; 
and as there is no earth round a mountam- 
iop to reflect heat, therefore, the air there 
is intensely cold. 


CHAPTER IX. 


EFFECTS OF HEAT. 


1.—EXPANSION. 

Q. What are the principal effects of heat ? 

A. 1.—Expansion. 2.—Liquefac¬ 
tion . 3.—V aporization. 4.—Evapora¬ 

tion ; and 5.—Ignition. 



EXPANSION. 


107 


Q. Docs HEAT EXPAND AIR? 

A. Yes; if a bladder (partially lilled 
TOth air) be tied up at the neck, and laid 
before the f re, the air will expand till the 
bladder bursts. 

Q. TFAy will the air swell, if the hladclet 
he laid before the fire ? 

A. Because the heat of the fire drives 
the particles of air apart from each other^ 
and causes them to occupy more room 
than they did before. 

Q. Why do misUt chestnuts crack with 
a loud noise, when roasted ? 

A. Chestnuts contain a great deal of 
air, which is expanded by the heat of the 
fire; and (not being able to make its 
escape through the thick rind) hursts 
violently through, slitting the rindy and 
making a great noise. 

Q. What occasions the loud crack or 
report which ice hear ? 

A. 1st—The sudden bursting of the 
rind makes a report, in the same way as 
a piece of wood or glass would do, if 
snapped in two : and 

2ndly—The escape of hot air from 
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the chestnut makes a report also^ in the 
same way as gunpowder^ when it escapes 
from Vi gun. 

Q. Why does ihe siidde 7 i bitrstino of the 
rindj or SNArpiJJG of a piece of ivood , make a 
KEPOKT ? 

A. As the attraction of the parts is 
suddenly overcome, a violent jerk is 
given to the 5 iir; this jerk produces 
rapid undidations in • the air, which 
(striking upon the ear) give the brain 
the sensation of sound. 

Q. Why does the escape or atr from the 
chestnut, or 6" explosion of gunpowder, produce 

a RLPOIIT ? 

A. Because the very sudden expan¬ 
sion of the imprisoned gases, or air, 
produces a partial vacuum ; the report is 
caused by the air rushing to fill up the 
vacuum. 

Q. If a CHESTNUT he slit, it will not crack ; 
why is this ? 

A. Because the heated air of the 
cliestnut can freely escape through the 
//// in the rind. 

Q. Why does an apple spit and spurt about , 
hhen roasted ? 
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A. An apple contains a vast quantity 
of air, which (being expanded by the heat 
of the fire) bursts through the peel, carrying 
the juice of the apple along with it. 


Q. Does an apple contain more air, in 
proportion, than a chestnut ? 

A. Yes, much more. There is as 
much condensed air in a common apple, 
as would fill a space 48 {imes as large as 
the apple itself^ 

Q. Where is all this quantity of air stowed 
in the apple ? 

A. The inside of an apple consists of 
little cells (like a honey~comb)y each of 
which contains a portion of the air. 


Q. When an apple is roasted, xvhy is one 
part made soft, ivhile all the rest remains hard ? 

A. When an apple is roasted, the air 
in the cells next the fire is expanded, and 
flies out; the cells are broken^ and their 
juices mixed together; so the apple 
collapses (from loss of air and juice), and 
feels soft in those parts. 


Q. What is meant hy the “ apple collapsing ? ” 

A. The plumpness gives way, and the 
apple becomes Aahhy and shrivelled. 
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Q. TF/ty do sparks of fire start {with a crack- 
liny noise) from 'pieces o/^woojd laid upon a fire ? 

A. Because the air (expanded by 
the heat) forces its way through the pores 
of the wood ; and cariies along with it 
the covering of the pore, which resisted 
its passage. 

Q. What is meant hy the ‘ ‘ pores of the wood ? ’’ 

A. Very sihall holes in the wood, 
through which the sap circulates. 

Q, What are the sparks of fire, icliich 
hurst from the wood? 

A. Very small pieces of wood made 
red-hot, and separated from the log by 
the force of the air, bursting from its 
confinement. 

Q. Why does deal make more snappiny^ than 
any other wood ? 

A. Because the pores of deal are 
very large, and contain much more air 
than wood of a closer grain. 

Q. eZotfS GREEN WOOD Wflfo LESS SNAP¬ 

PING than DRY ? 

A. Because the pores are filled with 
sap; and, therefore, contain ve^y little air. 
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Q. Why docs DRY wuOD make more snap- 
ting than green? 

A. Because the sap is dned up, and 
the pores are filled with air instead. 

Q. Why does dry wood burn more easily 
than GREEN or wet wood P 

A. Because the pores of dry wood 
are filled with air, which supports com¬ 
bustion I but tlje pores*of green or wet 
wood are filled with moisture, which 
extinguishes flame. 

Q. Why does moisture extinguish flame ? 

1st.—Because it prevents the hydrogen 
of the fuel from mixing with the oxygen 
of the air, to form carhonic acid gas : and 

2ndly—Heat is perpetually carried oflT, 
by the formation of the sap or moisture 
into steam, 

Gurbonic axcicl gas is a compound of carbon and oxygen. 
The carbon comes from tlie fual, and the oxygen from the 
air. See ij. 30. 

Q. Why do stones snap and fly about, when 
heated in the fire ? 

A. Because when the air therein 
is expanded by the heat of the fire, it meets 
with great resistance from the close texture 

L 2 
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of the stone; in consequence of which, it 
bursts forth with great violence^ tearing 
the stone to atoms, and forcing the 
fragments into the room. 

Q. When bottled ale or porter is set before 
a FIRE, why is the cork forced out sometimes ? 

A. Because the carbonic acid of the 
liquor expands by the heat, and drives 
out the cork. 

Q. Why does ale or porter froth more, 
after it has been set before the fire P 

A. Because the heat of the fire sets 
free the carbonic acid of the liquor; 
which is entangled as it rises through 
the liquor, and produces bubbles or froth. 

Q. When a boy makes a balloon, and sets 
fire to the cotton or sponge (tvhich has been steeped 
in spirits of wine) why is the balloon inflated or 
blown out P 

A. Because the air inside of it is 
expanded by the flame^ till the whole 
balloon is inflated without a crumple. 

Q Why does the balloon rise, after it has 
b'jen inflated by the expanded air P 

A. Because the same quantity of air 
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is expanded to three or four times Us 
original volume; and made so much 
lighter than common air, that even when 
all the paper, wire, and cotton are added, 
it is still lighter bulk for bulk. 

Q. What is meant by being lighter “ htdk /or 
buVeP" 

A. If the balloon be 3 cubic feet in 
size^ it is lighter, (when inflated) than 3 
cubic feet of common air, and therefore 
rises through it, as a cork (at the bottom 
of a tub of water) would rise to the 
surface. 

Q. Why does smokb rush up a chimney ? 

A. Because the heat of the fire 
expands the air in the chimney; which 
(being thus made lighter than the air 
around) rises up the chimney, and carries 
the smoke in its current. 

Q. Why will a long chimney smoke, unless 
the FIRE he ftretty fierce ? 

A. Because the heat of the fire will 
not be sufficient to rarefy all the air in 
the chimney. 

Q. Why will the chimney smoker if the Hre he 
not FIERCE enough to heat all the air in the 
'chimney flue? H 3 



114 


. EFFECTS OF HEAT. 


A. Because the cold air (condensed 
in the upper part of the flue) will sink 
from its own weight; and sweep Bie 
ascending smoke hack with it into the 
room. 

Q. If hat is the use of a cowl iqwn a cldviney- 

'pol ? 

A. The cov\4 acts as a screen against 
the wind, to prevent it from blowing into 
tlie chimney. 

Q. What PTARM tvould the wind do, if it were 
to BLOW into a chimney ? 

A. 1st—It would prevent the smoke 

from getting out: and 

2ndly—The cold air (introduced into 
the chimney by the wind) would fall 
down the flue, and drive the smoke with 
it into the room. 

Q. Why does a smoke-jack turn round in 
a chimney ? 

A. Because the current of hot air 
up the chimney (striking against the 
oblique vanes of the smoke-jackj drives 
them round and round; in the same 
way as wind drives round the sails of a 
wind^milL 
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Q. Why are some things solid, others liquid, 
and others gaseous ? 

. A. Because the particles which com¬ 
pose some things are nearer together 
than they are in others.—Those in which 
the particles are closest are solid; those 
in which they are jurthest apart are; 
gaseous ; and the rest liquid. 

Q. Why does heat chartge a solid (like ice) 
first into a liquid* and then into a gas ? 

A. Because heat drives the compo¬ 
nent particles further asunder; hence a 
certain quantity of heat change's solid ice 
into a liquid, and a further addition of 
heat changes the liquid into steam. 

Q, Why docs water simmer before it hoils} 

A. Because the particles of water 
near the bottom of the kettle (being formed 
into steam sooner than the rest) shoot 
upwards; but are condensed again (as 
they rise) by the colder water^ and 
produce what is csilled “ simmering.” 

Q. IVhat is meant by simmering ? 

A. A gentle tremor or undulation on 
the surface of the water. When water 
simmers, the bubbles collapse beneath the 
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surfacCy and the steam is condensed to 
water again: but when water boils, the 
bubbles rise to the surface, and steam is 
thrown off. 

Collapse^ i. e. burst. 

Q. Why does a kettle sing, when the water 
simmers ? 

A. Because the air (entangled in the 
water) escapes hjr Jits and starts through 
the spout of the kettle; which makes a 
noise like a wind instrument. 

Q. IVhy does not a kettle sino, when the 
water boils ? 

A. Because (as all the water is boiling 
hotj the steam escapes in a continuous 
stream^ and not by Jits and starts. 

Q. When does a kettle sing most ? 

A. When it is set on the hob to boil. 

Q. Why does a kettle sing more when it is 
set on the side of a fire^ than when it is set in the 
MIDST of the fire P 

A. Because (when the kettle is set on 
the hob to boil) the heat is applied 
\eYypartially y and one side made hotter than 
the other; in consequence of which, the 
steam is more entangled. 



BOILING WATER. 


117 


Q. Why does a kettle sing, when the boiling 
water begins to cool again ? 

A. Because the upper surface cools 
first; and the steam which rises from the 
lower part of the kettle is again 
entangled, and escapes fitfully. 

Q. Why does boilihg watek swell ? 

A. Because water (like air) eapands 
by heat: i. e. The heat of the fire drives 
the particles of water further apart from 
each other: and (as they are nut packed 
so closely togetherJ they take up more 
room ; (in other words) the water swells. 

Q. What is meant when it is said, “ that heat 
drives the paeticles of water further apart/ row 
each othery 

A. Water is composed of little glo¬ 
bules, like very small grains of sand; the 
heat drives tliese particles away from 
each other ; and (as they then require \ 
more room) the water swells. 

Q. Why does boilinq wateb bubble ? 

A. Because the air and vapour 
(rising through the water) are entangled, 
and force up bubbles in their effort to . 
escape. 
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p Q, Why does a ketti.e sometimes boil over ? 

A. Liquids expand very much by 
heat; if, therefore, a kettle be filled with 
cold watevy some of it must run oreVy as 
soon as it is expanded by heat. 

Q. But I have seen a kettle boil over, 
althoufjh it has not been filled full of water ; how 
do you account for that ? 

A. If a fire be very fiercey the air and 
vapour are expelled so rapidlyy that the 
bubbles are very numerous; and (towering 
one above another) reach the top of the 
keitley and fall over. 

Q. Why is a pot (which was full to over¬ 
flowing, while the water was boiling hot) not 
FULL, after it has been taken off the fire for a short 
time ? 

A. Because (while the water is 
boiling) it is expanded by heat, and 
fills the pot even to overflowing; but 
when it becomes cool it contracts again, 
and occupies a much less space. 

Q. Why does the water of a kettle run out 
cf the srouT, when it boils ? 

a. Because the lid fits so tightly, 
that the steam cannot lift it up, and 
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escape; being confined, therefore, in the. 
kettle, it presses on the water with great 
power, and forces it out of the spout. 

Q. What causes the rattling noisr, so often 
made by the lid of a saucepan or boiler ? 

A. The steam (seeking to escape) 
forces vp the lid of the boiler, and the 
weight of the lid cames it back again: 
this being Aone^frequerttly, produces a 
rattling noise. 

Q. If the steam could not lift up the lid 

of the boilery how ivould it escape ? 

A. If the lid fitted so tightly, that 
the steam could not raise it up, the 
boiler would hurst into fragments, and 
the consequences might be fatal. 

Q. W hen steam pours out from the spout of a 
kettle, the stream heyins apparently half an inch 
off the SPOUT ; why does it not begin close to the 
spout ? 

A. Steam is really invisible ; and the 
half-inch (between the spout and the 
stream of misC'J is the real steam, 
before it has been condensed by air. 

Q. Why is not ali. the steam inyisible, as 
well as that half-inch ? ■ 
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A. Because when the steam comes 
in contact with the colder air, the invisible 
particles (being condensed) roll one into 
another, and look like a thick mist. 

Q. What BECOMES of the steam ? for it soon 

vanishes. 

A. After it has been condensed into 
mist it is dissolved by the air, and dispersed 
abroad as invisible vapour. 

Q. And what becomes of the imtisible 
VAPOTJB P 

A. Being lighter than ah', it ascends 
to the upper regions of the atmosphere, 
where (being again condensedj it contri¬ 
butes to form clouds. 

Q. Why does a metal spook (left in a sauce- 
pan) RETABD the process of boiliko ? 

A. Because the metal spoon (being 
an excellent conductor) carries off the 
heat from the water; and (as heat is 
carried off by the spoon) the water takes 
a longer time to boil. 

Q. Why will a pot (filled with water) never 
T iOiL, when immersed in another vessel full of 
water also P 

A. Because water can never be heated 
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above the boiling point: all the heat 
absorbed by water after it boilsy is 
employed in generating steam. 

Q. How does the conversion of water into 
steam, jyrevent the inneii pot from boiling ? 

A. Directly the water in the larger 
pot is boiling hot (or 212°), steam 
is formed, and carmes off some of its heat; 
therefore, 212 deg®* of heat can never 
pass through it, to raise the inner vessel 
to boiling heaU 

Q. Why do SUGAR, SALT, <&C. RETARD the 
process of boiling ? 

A. Because they increase the density 
of water; and whatever increases the 
density of a fluid, retards its boiling. 

Q. If you want water to boil, without coming 
IN CONTACT with the SAUCEPAN, what plan must 
you adopt ? 

A. Immerse the pot (containing the 
water to be boiled) in a saucepan 
containing strong brine, or sugar. 

Q. Why would the inner vessel boil, if the 
OUTER vessel contained strong brine ? 

A. Though water boils at 212 deg^' 
of heat, yet 5rme will not boil till raised 

M 
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to 218 or 220 deg*- Therefore, 212 
deg^' of heat may easily pass through 
brine, to raise the vessel immersed in it to 
boiling heat, before any of it is carried off 
by steam. 

Q. Why will hrine impart to another vessel 
MORE than 212°, and water not so much? 

A. Because both liquids will impart 
Tteat till they boil; and then they can 
imparl heat no longer. 

Q. Why can they impart no extra heat, 
after they boil ? 

A. Because all extra heat is spent in 
making steam. Hence water will not boil 
a vessel of water immersed in it, because 
it cannot impart to it 212 deg^- oi heat, 
but brine will; because it can impart more 
than 212 deg^^ of heat, before it is itself 
converted into steam. 


Ether boils at 104 deg*^ 
Alcohol - - 17di „ 

Water - - 213 „ 

Water, witli one- 
iifth salt - 210 


Symp boils at 221 deg* 
Oil of turpentine 804 „ 
Sulphuric acid - 472 „ 
Linseed oil - 640 „ 

£cCa See. 


Any liquid which boils at a lower degree con be made to 
boll, if immersed in a liquid which boils at a higher degree. 
Thus a cup of ether con be made to boil in a saucepan of 
water. A cwp of water in a saucepan of hrine or syrup. 
But a cup of water will not boil, if immersed m ether; nor a < 
rup of ayrup in water. 
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Q. Why are clouds higher on a fine day ? 

A. Because they are lighter, and 
more buoyant. 

Q. Why are clouds lighter an a fine day ? 

A. 1st—Because the vapour of the 

clouds is less condensed; and 

2ndly—The air itself (on a fine day) 
retains much of its vapour in an invisible 
form. 

Q. Why is a cup jpwi inverted into a 

FRUIT-PIE ? 

A. Its principal use is to hold the 
crust upy emd prevent it from sinking when 
the cooked fruit gives way under it. 

Q. Does not the cup prevent the fruit of 
the pie from boiling over? 

A. No, by no means; it would rather 
tend to make it boil over, than otherwise. 

Q. Why would the cup tend to make the 

FRUIT BOIL OVER? 

A. Because (when the pie is put into 
the oven) the air in the cup will begin to 
expand, and drive every particle of juice 
from under it; in consequence of which, 
the pie-dish will have a cup-full less room 
to hold its fruit ih^ than if the cup were 
taken out. m 2 
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Q. If the juice is driven out q/ the cup; why 
is the COP always ^ull of juice, when the pie is 
cut up ? 

A. Because immediately the pie is 
drarvriy the air in the cup begins to con¬ 
dense agahiy and occupy a smaller space ; 
and as the cup is no longer full of air, 
juice rushes in to occupy the void. 

Q. Why does oUICE rush into the cup, because 
the cup is NOT FULL of AIR ? 

A. Because (when the external air 
presses upon the surface of the juicej it 
rushes unobstructed into the cup; as 
mercury rises through the tube of a 
barometer through similar pressure. 

N. B. Since the juice of the pie runs iuto the cup, as soon 
as it is taken out of the oven; the cup prevents the juice 
from being spilt over the crust, wlien the pie is carried about 
from place to place; although it does not prevent the fruit 
from boiling over. 


CHAPTER X. 


EXPANSION FROM HEAT. 
fContinuedJ 

Q. Does heat expand every thing else, besides 
air and water ? 
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A. Yes; every thing (that man is 
acquainted with) is expanded by heat. 

Q. Why does a coopeb heat his hoops bed- 
hot, when he puts them on a tub P 

A. l&t—As iron ex])ands by heaty 
the hoops will be larger when they are 
red-hot; in consequence of which, they 
will fit on the tub more easily: and 

2ndly—As iron contracts by cold, the 
hoops will shrink as they cool down, and 
girt the tub with a tighter grasp. 

Q. TPhy does a wheelwright make his 
hoops RED-HOT, ivhich he fixes on the nave of a 
WHEEL ? 

A. 1st—That they may fit on more 
easily: and 

2ndly—That they may girt the nave 
more tightly. 

Q. Why lull the tcheelivright's hoop pit the 
nave more easily, because made red-hot ? 

A. As iron expands by heat^ the hoops 
will be larger when they are hot; and 
(being larger) will go on the nave more 
easily. 

Q. Why will the Hoors, which have hceti put 
ON hot, girt the na'Ue rnore eirmly ? 

M 3 
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A. As iron contracts by cold, the 
hoops will shrink when they cool down j 
and girt the nave with a tighter grasp. 

Q. Why does a stove malce a crackino 
NOISE, when a fire is very hot ? 

A. Because (when the iron stove 
expands from heat) the parts ruh against 
each other, and drive the bricks further 
oflF; and this disturbance produces a 
cracking noise. 

Q. Why does a stove mahe a similar crack¬ 
ing NOISE, when a large fire is taken down ? 

A. Because (when the fire is removed) 
as the iron stove contracts again, the parts 
again ruh against each other, and the 
bricks are again disturbed; in conse* 
quence of which, the cracking noise is 
repeated. 

Q. TiHiy does the plaster round a stove 

CRACK and fall away ? 

A. Because (when the fire is lighted) 
as the iron-work expands more than 
the brick-work and plaster, it pushes them 
away; but (when the fire is put out) 
the metal shrinks again, and leaves the 
“setting” behind. 
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Q. Why does the plaster pall away ? 

A. As a cfiinJc is left (between 
the “setting” and the stove), the plaster 
will frequently fall away Jrcm its orvn 

Q. What OTHER cause contributes to bbiko 

the PLASTER DOWN ? 

A. As the heat of the fire ■ varies, 
the size of the iron stove varies also ; and 
this swelling and contracting keep up 
such a constant disturbance about the 
plaster, that it cracks and falls off, 
leaving the fire-place very unsightly. 

(i. Why does the mercury of a thermometer 
RISE in hot weather ? 

A. Because heat expands the metal, \ 
which (being increased in bulk) occupies j 
a larger space ; and, consequently, rises ^ 
higher in the tube. 

Q. Why is a glass broken^ when hot water 

is poured mto it ? 

A. Because the inside of the glass 
is expanded by the hot water, and not 
the outside; so the glass snaps, in con¬ 
sequence of this unequal expansion. 
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Q. Why is not the outside of the gdass 
expanded by the hot water, as well as the iksidb ? 

A. Because glass is a non-conductor 
of heat, and breaks before the heat of the 
inner surface is conducted to the outside. 

Q. Why does a glass snap, because the inner 
surface is hotter Hum the outer? 

A. Because the inner surface being 
expanded and not the outer, an opposing 
force is created, which breaks the glass. 

Q. Why is a china cup broken, if hot 
WATER he poured over it, or into it ? 

A. Because it is a non-conductor; 
and (as the inner surface expands from 
the heat, and not the outer), an opposing 
force is created, which breaks the cup. 

Q. If a GLASS BEAKER bc Set 071 tt WUI'm HOB, 
u'hy does the bottom come off ? 

A. Because glass is a non-conductor ; 
and (as the bottom of the glass expands 
from the warmth of the hot stove, before 
the sides are heated) the two parts separate 
from each other. 
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2. —LIQUEFACTION. 

3. —VAPORIZATION. 

Q. What is meant hy luiuefaction ? 

A. Tlie state of hwng melted ; as ice 
is melted by the heat of the sun. 

Q. Why is ice melted by the heat of the 

SUN ? 

A. Because when the heat of the sun 
enters the solid ice, it forces its particles 
asunder, till their attraction of cohesion 
is sufficiently overcome, to convert the 
solid ice into a liquid. 

See p. 115. 

Q. Why are H£tai.s melted by the heat of 
EIBE P 

A. Because when the heat of the fire 
enters the solid metal, it forces its par¬ 
ticles asunder; till their attraction of 
cohesion is sufficiently overcome, to 
convert the solid metal into a liquid. 



130 


EFFECTS OF HEAT. 


Q. Why is WATER converted to steaju hy the 
heat of FiBB ? 

A. Because when the heat of the fire 
enters the water, it separates its globules 
into very minute bubbles ; which (being 
lighter than air) fly off from the surface 
in the form of steam, 

Q. Why docs 7 iot wood melt, like metal ? 

A. Because»the heat of the fire 
decomposes the wood into* gas, smoke, and 
ashes; and the different parts separate 
from each other. 

Q. What is meant by vatobization ? 

A. The conversion of a solid or liquid 
into vapour; as snow or water is converted 
into vapour by the heat of the sun. 

Q. What are glodds ? 

A. Moisture evaporated from the 
earth, and again partially condensed in 
the upper regions of the air. 

Q. What is the difference between a poo and 
a CLOUD ? 

A. Clouds and fogs differ only in one 
respect. Clouds are elevated above our 
heads : but fogs come in contact with the 
surface of the earth. 



VAPOBIZATION. 


131 


Q. Why do olottbs float to readily in the 
air? 

A. Because clouds are composed of i 
very minute globules (called ves'cicles); 
which (being lighter than air) float, as; 
soap bubbles would do if inflated with; 
hydrogen gas. 

Q. Why does vapour sometimes form into 
CLOUDS, and sometimes rest upon the earth as mist 
or FOG ? • 

A. When the surjace of the earth is 
warmer than the air, the vapour of the 
earth (being condensed by the chill airj . 
becomes mist or fog. But when the air ; 
is warmer than the earth, the vapour rises | 
through the air, and becomes cloud. 

Q. .dre ALL clouds alike ? , 

A. No. They vary greatlyin density, ) 
height, and colour. 

Q. What is the chi^ cause of fog and , 

CLOUDS ? i 

A. The changes of the wind. 

Many local circumstances also fayour the formation of \ 
clouds. ^ 

Q, How can the changes of the wind affect! 

the CLOUDS ? ; 

A. If a cold current of wind blows; 
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suddenly over any region, it condenses the 
invisible vapour of the air into cloud or 
rain: but if a warm current oj wind 
blows over any region, it disperses the 
clouds, by absorbing their vapour. 

Q, What COUNTRIES are the most cloudy ? 

A, Those where the winds are most 
variable, as Britain. 

Q. What COUNTRIES are the least cloudy t 

A. Those where the winds are least 
variable, as Egypt. 

Q. What DISTANCE are the clouds from the 
EABTH P 

A. Some thin light clouds are elevated 
above the highest mountain-top; some 
heavy ones touch the steeples, trees, and 
even the earth: but the average height 
is between one and two miles. 

N. B. Streaky curling clouds, like hair, are often 5 or 6 
miles high. 

Q. What clouds are the lowest ? 

A. Those which are most highly elec¬ 
trified : lightning clouds are rarely more 
than about 700 yards above the ground ; 
and often actually touch the earth with 
one of their edges. 
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Q. What is the size of the clouds ? 

A. Some clouds are 20 square miles 
in surface^ and above a mile in thickness ; 
while others are only a/ew yards or inches* 

Q. How can persons ascertain the thickness 
of a cloud ? 

A. As the tops of high mountains are 
generally above the clouds, travellers may 
pass quite through the clouds into a clear 
blue firmament;* when the clouds will be 
seen heneath their feet^ 

Q. miy are the clouds so variable in 
SHAPE ? 

A. The shape of clouds depends upon 
three things: ist—The cause and 
manner of their foimaiion: 

2ndlv—Their electrical condition: and 

3rdly—Their relations to currents of 
rvind. 

Q. How can electricity affect the shape of 

CLOUDS ? 

A. If one cloud be full of electncity 
and another not^ they will be attracted ] 
to each other, and either coalesce,— ^ 
diminish in size,—ror vanish altogether. 

N 
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Q. What clouds assume the most fantastic 
shapes P 

A. Those that are the most highly 
electrified. 

Q. What effect have winds on the shape of 
CLOUDS ? 

A. They sometimes ' absorb them 
entirely : sometimes increase their volume 
and density ; and sometimes change the 
position of their parts. 

Q. How can winds absobb clouds altogether ? 

A. Warm dry winds will convert 
the substance of clouds into invisible 
vapour, and carry it in their own current. 

Q. Hew can winds increase the hvM and 
density of clouds ? 

A. Cold currents of wind -will con¬ 
dense the invisible vapour of the air, and 
add it to the clouds with which they come 
in contact. 

Q. How can winds change the shape of 
CLOUDS, by altering the position of their parts ? 

A. Clouds are so voluble and light, 
that every breath of wind changes the 
position of their ves'cick^ or bubbles. 
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Q. What are the general coloubs of the 

CLOUDS ? 

I 

A. White and grey, when the sun is^ 
above the horizon: but red, orange, and. 
yellow, at sufi-rise and sun^seU 

The blue sky cannot be considered as doud at all. 

Q. Why are the last clouds of evening 
generally of a red tinge ? 

A. Because red rays (being the least 
refrangible of* all) are the last to 
disappear. 



Here it will be seen that the red ray P A, being refracted 
to the horizon at A, will be visible to ns; but the yellow 
and BLUE rays (P B and P G) will be hidden by the curve 
of the earth. 

Q. What is meant by being “less refran¬ 
gible ” ? 

A. Being able to he bent. Blue 
and yellow rays being very easily bent 

N 2 
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Chy the resistance of the airj are thrown 
below the horizon ; but red rays not being 
so much bent back, fall upon the evening 
clouds, and tinge them. 

As at A in tbe figure on p. 135. 

Q. Why are morning clouds generally of 
a red tmge P 

A. Because red rays are the least 
refrangible of all, and not being bent 
(like blue and yellow) below the horizon, 
give a tinge to the morning clouds. 

See the hgure and its explanation on 135. 

Q. Why is not the colour of clouds always 

ALIKE ? 

A. Because their size, density, and 
situation in regard to the sun, vary per¬ 
petually ; so that sometimes one colour is 
reflected, and sometimes another, 

Q. What regulates the motion of the clouds ? 

A. The motion of the clouds is 
generally directed by the winds; but 
sometimes electricity will influence their 
motion also. 

Q. How do you know that clouds move by 
(JTHEB influences, besides wind ? 

A. Because (in caliqgipather) we often 
see small clouds meeting each other from 
opposite directions. 
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Q. IIoiv do you Jmow that electricity 
ajfccts the motion of the clouds ? 

A. Because clouds often meet from 
opposite directions ; and (after they have 
discharged their opposite electricities into 
each other) vanish altogether, 

Q. Into how many classes are the different 
sorts of CLOUPS generally divided ? 

A. Into three classes :—viz. Simple, 
Intermediate, and Compound. 

Q. How are simple clouds sub-divided P 

A. Into 1.—Ciri’usj 2.—Cum'ulus; 
and 3.—Stra'tus clouds. 

Q. What sort of clouds ai'e called cirrus ? 

A. Clouds like fibres^ loose haivy or 
thin streaks^ are called cirrus clouds.’’ 

Q. Why are these clouds called cirrus ? 

A. From the Latin word cirrus a 
lock of hair, or curl”) ; Cirrus clouds are 
the most elevated of all. 

Q. What do cirrus clouds portend ? 

A. When the streamers point up^ 
wardSy the clouds ecce falling ^ and rain is 
at hand: but when the streamers point 
do7vnwards, expect easterly winds or 
.drought. 

N 3 
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Q What sort of clouds are called cum'- 

ULUS ? 

A. Cum'ulus clouds are lumps, like 
great sugar-loaves,—volumes of smoke ,— 
or mountains towering over mountains. 

Q. Why are these monster masses called 
cum'ulds clouds ? 

A. From the Latin word cumulus 
(^^a mass or pile”). 

Q. What do cum'ulus clouds foreshow ? 

A. When these piles of cloud are 
fleecy, and sail against the wind, they 
indicate rain; but when their outline is 
very hard, and they come up with the 
wind, they foretell fine weather. 

Cum'ulus clouds should be smaller towards eTening' 
than they are at noon. If they increase iu size at sun-set, 
a thunder-storm may be expected in the night. 

Q. What sort of clouds are called stba'tus ? 

A. Creeping mists, especially preva¬ 
lent in a summer’s evening: these clouds 
rise at sun-set in low damp places; and 
are always nearer the earth, than any 
other sort of cloud. 

Q. Why are these mists called stba'tus 
clouds P 
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A. From the Latin word stratus 
(“laid low,” or “that which lies low”). 

Q. What produces cirkus clouds ? 

A. Moisture in a visible form, de¬ 
posited in the higher regions of the 
atmosphere by ascending currents of 
heated air, 

Q. What i)roduces cuj&'ulus clouds? 

A. Masses* of visible vapour in the 
act of being carried (by horizontal currents 
of air) from the places where they were 
formed^ to other places where they are 
about to be either dissolved^ or deposited 
as falling rain, 

Q. What produces stra'tus clouds ? 

A. Beds of visible moisture, formed 
by some chilling effects, acting along the 
direct surface of the earth, 

Q. How are the intermediate clouds sub¬ 
divided ? 

A. Into two sorts. 1.—The Cirro 
Cum'ulus ; and 2 .—The Cirro-Stra'tus. 

Q. What are cirro-cum'ulus clouds ? 

A. Cirrus clouds springing from a 
massy centre; or heavy masses of cloud, 
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edged with loiiy streaks, or (what are 
called) “mares' tails." 

A system of small round clouds may b(^ called cirro- 
eum'uliis. 

Q. What do cirro-cum'ulus clouda generally 
FOREBODE ? 

A. Continued drought, or hot dry 
weather. 

Q, What are cirro stra'tus clouds ? 

A. They compose (what is generally 
called) a mackarel sky'^ This class of 
clouds invariably indicates rain and wind ; 
hence the proverb— 

“ Mackarela* scales and marcs’ tails 
Make lofty ships to carry low sails.” 

Q. What prodtvces ciiiBo-cuM'ni.TJS clouds ? 

A. Cum'ulus clouds dissolving away 
into cirrus produce the intermediate class, 
called ciRRO-cuM'ULus. 

Q. What produces cirro-stra'tus clouds ? 

A. Cirrus clouds accumulating into 
denser masses produce the intermediate 
class, called cirbo-stra'tus. 

Q. How are compound clouds suh-divided? 

A. Compound clouds are also sub- 
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divided into two sorts. 1.—^The Cum'ulo- 
Stra'tus ; and 2.—The Nimbus clouds. 

Q. Wliat is meant hy cum'clo-stea'tcs 
clouds ? 

A. Those clouds, which assume all 
sorts of gigantic fancy forms ; such as 
vast towers and rocks,—huge whales and 
dragons,—scenes of battle,—and cloudy 
giants. This class of clouds is the most 
romantic and strange of all. 

Q. What do the cum'ulo-stra^tus clouds 
FORETELL ? 

A. A change of weather; either from 
fine to rain, or from rain to fine. 

Q. What are nimbus clouds ? 

A. Nimbus is the Latin word for 

clouds which bring a storm All 
clouds from which rainfalls are so named. 

Q. By what particular character may the 
NIMBUS (or rain-cloud) he at once distinguished? 

A. By the want of a defined outline: 
its edge is gradually shaded off from the 
deep grey mass into transparency. 

Q. What APPEARANCE tukes place in the 
CLOUDS, at the approach of rain ? 

A. The cumulus cloud becomes 
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stationary, and cirrus streaks settle upon 
it, forming cum'ulo-stra'tus clouds; which 
are black at first, but afterwards of a grey 
colour. 

Q. Why do clouds gather hound mountain 

TOPS ? 

A. Because the air (being chilled by 
its contact with the cold mountain-tops) 
deposits its vapour there^ in a visible form 
or cloud. 

Q. What are the uses of clouds ? 

A. 1st—They act as screens to 
arrest the radiation of heat from the 
earth ; 

2ndly—They temper the heat of the 
snn^s rays ; and 

3rdly—They are the great store-houses 
of rain. 

Badiation of heat^ i. e. the escape of heat, when no 
conductor carries it away. 

Q. Why is WIND said to blow up the clouds ? 

A, Because when a dry warm wind 
travels over seas, it absorbs a large 
quantity of moisture; some of which it 
deposits in the visible form of clouds, as 
soon as it reaches a colder region of air. 
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Q. Why does wind sometimes drive away 
the CLOUDS ? 

A. Because when it travels over dry 
climes or thirsty deserts, it becomes so 
dry, that it absorbs vapour from the 
clouds, and disperses them. 

Q. What is the cause of a red sun-set ? 

A. The vapour of the air not being 
actually condensed into elouds, but only 
on the point of biing condensed ; in which 
state it bends the red rays of the sun 
towards the horizon, where they tint the 
floating clouds. 

Q. Why is a red sun-set an indication of a 
FINE day to-morrow ? 

A. Because (notwithstanding the cold 
of sun-set) the vapours of the earth arc 
not condensed into clouds. Our Lord 
referred to this prognostic in the follow¬ 
ing words: When it is evening ye say, 
it will be fair weather, for the sky is red.’" 
(Matt. xvi. 2.) 

Q. What is the cause of a coppery yellow 

SUN-SET ? 

A. The vapour of the air being 
actually condensed into clouds; in which 
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case, it refi’acls the yellow rays of the sun 
towards the horizon^ where they tint 
the mists which are floating there. 

Bcfracts i. e. bends. 

Q. Why do vaiiours not actually con¬ 
densed refract bed rays, while condensed vapour 
refracts yellow ? 

A. Because the beams of light meet 
with very little resistance; in consequence 
of which, those rays are bent down to the 
eye which require the least refraction, 
such as red. 

See figure on p. 135, where it is evident that the red ray, 
F. A. is less bent than the yellow and blue rays, P. B. P. C. 

Q. Why do condensed vapours refract 
YELLOW rays, whereas vapours not actually condensed 
refract red. 

A. Because the beams of light meet 
with more resistance from the condensed 
vapour ; in consequence of which, those 
rays are bent down to the eye which are 
the most refracted, such as yellow. 

See figure on p. 135, where it is evident that the yellow 
ray, P. B. is more bent than the red ray, P. A. 

Q Tlhy is a yellow bun-set an indication 
of WET ? 

A. Because it shows, that the vapours 
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of tlie air are already condensed into clouds; 
rain, therefore, may be shortly expected. 

Q. What is the cause of a red sun-rise ? 

A. Vapour in the upper region of the 
air^Ms/ on the point of being condensed, 

Q. Wh\j is a RED and lowering sky at sun¬ 
rise an indication of a wet day } 

A. Because the higher regions of the 
air are laden with vapour^ on the very 
point of condensation^ which the rising 
sun cannot disperse. Hence our Lord’s 
observation, ‘^In the morning (ye say) 
it will be foul weather to-day, lor the sky 
is red and lowering.” (Matt. xvi. 3.) 

Q. Jfhy is a grey morning an indication 
of a FINE DAY ? 

A. Because only the air contiguous to 
the earth is damp and full of vapour. 
There are no vapours in the higher 
regions of the air, to bend down to the 
eye either the yellow or red rays of any 
beam of light. 

Q. IVhat difference (in the state of the airj 
is required, to make a grey ayid red sun-rise P 

A. In a grey sunrise, only that 

o 
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portion of air contiguous to the earth is 
filled with vapour; all the rest is clear 
and dry. But in a red sunrise the air 
in the upper regions is so full of vapour 
that the rising sun cannot disperse it. 

Q. Why is a grey sun-set an indication of 

WET? 

A. Because it shows, that the air on 
the surface of the earth is very damp at 
sun-set; which is a plain proof, that the 
air is saturated with vapour; in conse¬ 
quence of which, wet may be soon 
expected: hence the proverb— 

“ Evening red and morning grey 
Will set traveller on his way; 

But evening grey and morning red 
Will bring down rain upon his head.” 

Q. The proverb says, rainbow in the 

MORNING is the shepherd's ' ” Why is it 

so ? 

A. Because a morning rainbow must 
be always in the west; and indicates, 
that bad weather is on the road to us, 

Q. Why must a morning rainbow be 
fdways in the west ? 

A. Because the sun is in the east, 
and a rainbow can be formed only when 
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the clouds (which contain^ or are dropping 
rain) are opposite the sun. 

Q Why does a rainbow in the west 
indicate that bad weather is on the road to us? 

A. Because our heavy rains are 
usually brought by west or south’-west 
fvinds; and, therefore, clouds which 
reflect the colour of the rainbow in the 
westy are coming up ^rvith the rvind, 
bringing rain with them, 

Q. The proverb says, ** A rainbow at night, 
is the shepherd's delight : ” Why is it so ? 

A. Because a rainbow at night is in 
the east; and indicates that bad weather 
is leaving us, 

Q. Why mmt a rainbow at night be always 
in the east ? 

A. Because the sun is in the ivest, 
and a rainbow can be formed only when 
the clouds (which contain, or are dropping 
rain) are opposite the sun. 

Q. Why does a rainbow in the east indicate 
that had weather is leaving us ? 

A. Because our rain is generally 
brought by 7vesi and south-west winds; 
when, therefore, the clouds (which reflect 

o 2 
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the rainbow) have been driven from the 
west to the east, it is a plain proof that 
they have already passed over us, and 
are going away. 

Q. What is meant hy an aurora, borea'lis. 
or noi'ihem light ? 

A. A luminous white cloud in the 
north of the sky at night-time. Some¬ 
times streaks of blue, purple, and red,— 
and sometimes flashes of light, are seen 
also. 

In our island this phenomenon generally arises from a 
dark cloud (running from the north to the east and west) 
elevated about 10 or 20 degrees above the horizon : above 
tliis dark bed of clouds tlie luminous white light appears. 

Q. What is the cause of the aurora 

borea'lis or northern light ? 

A. Electricity in the higher regions 
of the atmosphere. 

Q. Why is the aurora bouea'lis generally 

a WHITE light ? 

A. Because the electric fluid passes 
through air extremely rarefied: and 
whenever electric fluid passes through 
lir much rarefied, it always produces a 
white light. 

Q Why arc there sometimes different 
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COLOURS in the aurora horeaHis^ suck as yellow^ red, 
and 'purple P 

A. Because the electric fluid passes 
through of different densities. The 
most rarefied air produces a rvhite light; 
the most dry air, red; and the most 
damp produces yellow streaks. 

Q. Does the aurora BOjEtEA'Lis forhode fine 
weather or wet ? . 

A. When its coruscations are very 
hrighty it is generally followed by stormy 
moist unsettled weather. 

Q. Tf Ay does a haze round the sun indicate 

RAIN ? 

A. Because the haze is caused by 
very fine rain falling in the upper regions 
of the air; when this is the case, a rain 
of 5 or 6 hours durationy may be 
expected. 

Q. Vf'hy is a HALO round the moon a sure 
indication of rain ? 

A. Because it is caused by fine rain 
falling in the upper regions of the air. 
The larger the halo the nearer the rain^ 
cloudsy and the sooner may rain be 
expected. 

o 3 
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Q. Why does a black mist bring wet 
ueather ? 

A. The mist is hlach, because it is 
overshadowed by dense clouds or masses 
of vapour; in consequence of which, it 
forebodes wet. 

Q. Why does a white mist indicate fine 
tceather ? ^ 

A. The mist is white, because no 
clouds blacken it with their shadow; and 
(as the sky is cloudless) fine weather may 
be expected. 

Q. Why do we feel almost scffocateh in a 
hot cloudy night? 

A. Because the heat of the earth 
(being prevented by clouds from escaping 
into the upper region of the air) floats, 
like a sea of heat, on the surface of the 
earth. 

Q. Why do we feel more sprightly in a clear 

bright night ? 

A. Because the heat of the earth can 
readily escape into tlie upper regions of 
the air, and is not confined and pent-in 
by thick clouds. 
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Q. Why do we feel depressed in spirits 
on a WET murky day ? 

A. 1st—Because the air is laden 
with vapour, and has (proportionally) less 
oxygen. 

Qndly—The air being lighter than 
usual, does not balance the air in our 
body : and 

Srdly—Moist air has a tendency to 
depress the nervous system. 

Q. What is meant by the “ air balancing the 
air in our body 

A. The human body contains air of a 
given density; if, therefore, we ascend into 
rarer air, or descend into denser, the bal¬ 
ance is destroyed, and we feel oppressed. 

Q. Why do tve feel oppressed, if the air 
around is not of the same density, as that m our 
body ? 

A. If the air around be more dense 
than our body, it will produce a feeling 
of oppression; if it be less dense, the 
air in our body will produce a feeling of 
distension. 

Q. Why do persons, who ascend in bal¬ 
loons, FEEL PAIN in their eyes, ears, and chest ? 
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A. Because the air in the upper 
regions of the atmosphere, is more rare, 
than the avr in their bodies; and (till 
equilibrium is restored) great pain will be 
felt in all the more sensitive parts of 
the body. 

More especially in the tympanum of the ear. 

Q. Why do persons, who descend in diving- 
bells, FEEL FAIN in their eyes,* ears^ and chest P 

A. Because the air in the diving-bell 
is compressed by the upward pressure of 
the water ; in consequence of which, great 
pain is felt in all the more sensitive parts 
of the body. 

The pressure thus caused is sometimes sufficient to 
rupture llie membrane of the tympanum, and produce 
incurable deafness, 

Q. Why are pearl divers very frequently 

DEAF ? 

A. Because the pressure of the mater 
against the tympanum of their ears 
ruptures the membrane, which produces 
incurable deafness. 

Q. Why does the sea heave and sigh, just 

J'REVIOUS to a STORM ? 

A. Because the density of the air 
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(just previous to a storm) is very sud¬ 
denly diminished^ but the air in the sea 
is not so quickly affected; therefore, the 
sea heaves and sighs while equUbrium is 
being restored. 

Q. Why is the air so universally f^viETy just 

PREVIOUS to a TEMPEST ? 

A. Because the air is suddenly and 
very greatly rarefied; and (as the density 
of the air is diminished) its power to 
transmit sound is diminished also. 

Q. How do you know, that rarefied air 
CANNOT TRANSMIT SOUND, SO u'cll as dense air? 

A. Because the sound of a hell (in 
tlie receiver of an air-pump) cannot be 
heard at ally after the air has been partially 
exhausted; and the report of a pistol 
(fired on a high mountain) would 
scarcely be heard. 

Q. Why do we feel braced and light- 
iiEAUTED on a FINE Spring or frosty morning? 

A. 1st—Because there ismore oxygen 
in the air on a fine frosty morning, than 
there is on a wet day: and 

2ndly—A brisk and frosty air has a 
tendency to brace the nervous system. 
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Q. Why do DOGS and cats (confined to a 
room) feel lazy and dbowsy, at the approach of 
rain ? 

A. 1st—Because the air does not 

contain its full proportion of oxygen : and 

2ndly—The damp depresses their nerv¬ 
ous system^ and makes them drowsy. 

Q. Why do horses neighs cattle low, sheep 
bleat, and asses bray, at the approach of rain?, 

A. 1st—As the air does not contain 
its full proportion of oxygen^ they feel a 
difficulty in breathing : and 

2ndly—As damp relaxes their nerves, 
they feel languid and uneasy. 

-“V' Q, Why do candles aiid fires hum with a 
BLUER FLAME in WET Weather? 

A. As the air contains less oxygen in 
wet weather, the heat of fire is less intense: 
The flame is blue, because the fuel is not 
thoroughly consumed. 

Q. Why do HILLS, dx. appear larger in 
WET tveather ? 

A. Because (when the air is ladenwitk 
vapour) the rays of light are more dispersed; 
in consequence of which, they produce on 
the eye larger images of objects. 

Q. Why do trees, dx. in wet iveather^ 
appear fortiier off, than they really are? 
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A. Because the fog or mist diminishes 
the light reflected from the object; and 
as the object becomes more dim^ it seems 
to he further off. 

Q. Why does the sitn seem x auger, when he 

SETS and rises, than he docs at noon? 

A. Because the rays pass through 
more of the vapoury atmosphere^ which 
surrounds the earth; and this vapoury 
atmosphere acts like a magnifying glass. 



It is very manifest that the lines D C are shorter than 
tlie lines EG: if, therefore, A be the earth, and D G E the 
hoimdary of the atmosphere round the eortli, then the rays 
ME C (at the horizon') will pass through more of the 
htmospherCf thou the rays S D C, which are more elevated. 
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Q. Why does the moon appear IiARQBB at her 
BisiNG atid SETTING, than when above our heads? 

A. Because the rays pass through 
more of tfie vapoury atmosphere, which 
surrounds the earth ; and this vapoury 
atmosphere magnifies the moon, as a 
magnifying-glass would do. 


Q. Why do cats rub their ears, when it is 
likely to rain P • 

A. Either because the air is full of 
vapour, and its humidity (piercing be¬ 
tween the hair of the cat) produces an 
itching sensalioft ; or more probably, 
because the air. is overcharged with 
elec tnci ty. 

Q. , ^ How can the electricity of air produce 
a sensation "of itching ? 


A. If the air is overcharged with 
electricity, the hair of the cat is over¬ 
charged also; and this makes her feel, 
as it she were covered with cobwebs. 


Q. Why does the cat keep rubbing herself? 

A. Because her hair will not lie 
smooth, but has a perpetual tendency to 
become turgid and ruffled; so the cat 
keeps rubbing her coat and ears, to 
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smooth the hair down, and brush away 
the feeling of cobwebs. 

Q. Why do our heads and skin itch before 
rain P 

A. Probably because the air is over^ 
charged with electricity; and, therefore, 
a sensation (like that of cobwebs) fm- 
tales the skin, and produces an itching. 

U. Why do DgoHS swell, when iiain is at 
hand ? 


A. Because the air is filled with 
vapour, which (penetrating into the pores 
of the wood) forces the parts further 
apart, and swells the door. 

Q. Why do dooes shrink i/rDRT weather? 

A. Because the moisture ijig^^bed 
from the wood; and, as the pSrajffis are^ 
brought closer together, the size of the 
door is lessened, or (in other words,) the 
wood shrinks. 


Q. Why is the air filled with offensive smells, 
just previous to a corning rain ? 

A. Because the volatile parts which 
rise from dunghills, sewers, &c. are pre¬ 
vented (by the vapour of the airJ from 
rising so readily,. as when the sun is 
’shining briglitly. p 
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Q. Why do FLOWERS smell sweeter and 

STROXsGER, just JJtevioUS to RAIN ? 

A. Because the volatile parts (which 
constitute the perfume of flowers) are 
prevented (by the vapour of the air) from 
risiug; in consequence of which, they are 
confined to the lower regions of the 
atmosphere. 

N.B. Miiiiy essential oils and other volatile substances, 
which produce odours in plants, require tJie presence of 
much moisture for tlieir perfect development. 

Q. Why do HORSES and other animals stretch 
out their necks, and snuff up the ki^,jiist precious 
to a fall of RAIN ? 

A. IJ^use they smell the odour of 
^ jdants and delight to snuff in 

their fragrance. 

Q. ’ ^vny^does SMOKE fall, when rain is at 
hand P 

A. Because the air (being less dense 
in wet weather) cannot huoy up smoke so 
^ readily, as w^hen more dry and heavy, 

Q. V/hy do swallows fly low, ichen rain 
is at hand? 

A. Because the insects (of which 
they are in pursuit) have fled from the 
cold upper regions of the air, to the 
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warm air near the earth; and as their 
food is low, the swallows fly low. 

Q. Wh\j do these insects seeh the lower 
regions of the air in wet iceather, more than in 
FINE weather? 

A. Because the upper regions of the 
air are colder than the lower, in wet 
weather; and as insects enjoy warmth, 
tliey seek it near the earth. 

Q. IVhg does a downward current of cold 

Aiii lying rain 

A. Because it condenses the 7varm 
vapour; which (being condensed) descends 
in rain. 

Q. The proverb sagsy “a single magpie in 
sjtringy foul weather will bring:'' Why is this 
the ruse ? 

A. Because in cold stormy weather, 
one magpie alone will leave its warm snug 
nest in search of food, while the other 
stays with the eggs, or young ones; but 
in fine mild weather (when their brood 
will not be injured by cold) both the 
magpies fly out together. 

Why is it unlucky far anglers to see a 

STNOLE MAGPIE i)i i>]>?'ing P 
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A. Because when magpies fly abroad 
singly, the weather is cold and stormy; 
but when both birds fly out together, the 
weather is warm and mild, which is 
favourable for fishing. 

Q. Why do sea gulls fiy about the sea in 
FINE weather ? 

A. Because they live upon the fishes, 
which are found ‘near the surface of the 
sea in fine weather. 

Q. Why may we expect stormy rains, when 
SEA GULLS dissemble on the land ? 

A. Because the fishes (on which they 
live) leave the surface of the sea in stormy 
weather, and are beyond the reach 
of the sea-gulls; in consequence of 
which, they are obliged to feed on the 
worms and larvae, which are driven out of 
the ground at such times. 

Q. Why does the petrel Jly to the sea, 
during a storm ? 

A. Because the petrel lives upon sea 
insects, which are always to be found in 
abundance about the spray of swelling 
waves. 

N. D. Petrels are birds of the duck-kind, which live 
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in the open sea. They run on the top of the sea, and are 
called Petrels, or rather Peter-els, from “St. Peter,” in 
allusion to his walking on the sea, to go to Jesus. 

Q. Why do candles and lamps spirt, 
when RAIN is at hand ? 

A. Because the air is filled with 
vapour, and the humidity penetrates the 
wick; where (being formed into steamj 
it expands suddenly^ ^ and produces a 
little explosion. 

Q. Why does a drop of water sometimes 
BOLL along a piece of hot iron without leaving the 
least trace ? 

A. Because (when the iron is very 
hot indeed) the bottom of the drop is 
turned into vapour, which buoys the drop 
up, without allowing it to touch the iron. 

Q. Why does it roll ? 

A. Because the current of air (which 
is always passing over the heated surface) 
drives it along. 

Q. Why does a laundress imt a little 
SALIVA on a flat-iron, to know if it be hot enough P 

A. Because when the saliva sticks to 
the box and is evaporated, she knows it 
is not sufficiently hot: but when it runs 
along the iron, it is. 

p 3 
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Q. Why is the flat-ir(in hotter, if the 
saliva buns along it^ than if it adheres^ till it is 
evaporated, 

A. Because when the saliva runs 
along the iron, the heat is sufficient to 
convert the bottom of the drop into vapour ; 
but if the saliva will not roll, the iron is 
not sufficiently hot to convert the bottom 
of the drop into vapour. 


CHAPTER XII. 


4.—EVAPORATION. 

Q. Wluit is meant hy evaforation ? 

A. The dissipation of liquid by its 
conversion into vapour. 

Q. What are‘produced hy evaporation? 

A. The liquid vaporized absorbs heat 
from the body whence it issues; and the 
body deprived of the liquid by evaporation, 
loscH heat. 

Q. If you WET your vieoer ire yowr tnouth, 
and tu>ld it up in the air, 'uhy does it feel cold i 
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A. Because the saliva quickly evapo¬ 
rates ; and (as it evaporates) absorbs heat 
from the finger, and makes it feel cold. 

Q. If you BATHE your temples with ether, 
why does it allay inflammation and feverish heat ? 

A. Ether very rapidly evaporates; 
and (as it evaporates) absorbs heat from 
the burning head, producing a sensation 
of cold. 

Q. Why is ether better for this purpose than 

WATER ? 

A- Because Ether requires less heat 
to convert it into vapour; in consequence 
of which, it evaporates more quickly. 

N. B. Ether is converted into vapour with 104 degs. of 
heat, but water requires 212 deg^* of heat to convert it into 
steam. 

Q. Why does ether veiy greatly relieve a 

SCALD or BURN ? 

A. Becauseit evaporates very rapidly ; 
and (as it evaporates) carries of the heat 
of the burn. 

' Q. Why do we feel cold, when we have 

WET FEET or CLOTHES ? 

A. Because as the wet of our shoes or 
clothes evaporates^ it keeps absorbing heat 
Jrom the body^ which makes it feel cold. 



164 


EFFECTS OF HEAT. 


Q, Why do wet feet or clothes give us 

“ COLD ? ” 

A. Because the evaporation absorbs 
heat so abundantly from the surface of 
our body, that its temperature is lowered 
below its natural standard \ in conse¬ 
quence of which, health is injured. 

Q. Why is it dangesods to sleep in a damp 

BED? • 

A. Because the he4t is continually 
absorbed from the surface of our body, to 
convert the damp of the sheets into vapour; 
in consequence of which, our animal heat 
is reduced below the healthy standard, 

Q. Why is health injured, ivhen the 

TEMPERATURE of the BODY is REDUCED heloW itS 
natural standard ? 

A. Because the balance of the circular 
lion is destroyed : Blood is driven away 
from the external surface by the chill, 
and thrown upon the internal orga^is, 
which are oppressed by this increased 
load of blood, 

Q. Why do we not feel the same sensation of 
cold, if we throw a macintosh over our wet 

CLOTHES ? 

A. Because the macintosh (being air 
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tight) prevents evaporation j and (as the 
wet cannot evaporatej no heat is absorbed 
from our bodies. 

Q. Vf' liy do NOT SAILORS get cold, voho are 
frequently wet all day with sea-wateb? 

A. 1st—Because the salt of the sea 
retards evaporation; and (as the heat of 
their body is drawn off graduallyj the 
sensation of cold is prevented. 

2ndly—The salt of the sea acts as a 
stimulus, and keeps the blood circulating 
in the skin. 

' Q. Why does spbineling a hot boom with 
water cool it ? 

A. Because the heat of the room 
causes a rapid evaporation of the sprinkled 
water; and as the water evaporates, it 
absorbs heat from the room, and cools it. 

Q. Why does watering the streets and 
roads cool them? 

A. Because the hot streets and roads 
part with their heat, to promote the evap¬ 
oration of the water spHnkled on them. 

Q. Why does a shower of rain cool the 
AIR in summer-tme P 

A. Because the wet earth parts with 
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its heat to promote evaporation; and when 
the earth is cooled, it cools the air also. 

Q. Why is LINEN DRIED by hciny exposed to 
the WIND? 

A. Because the wind accelerates evaj)- 
oration, by removing the vapour from the 
surface oj the wet linen, as fast as it is 
formed. 

« 

Q. Why is linen dried sooner in the open 
AIR, than in a confined room ? 

A. Because the particles of vapour 
are more rapidly removed from the 
surface of the linen by evaporation. 

Q. Why are wet summers yeneraUy suc¬ 
ceeded by COLD WINTERS ? 

A. Because the great evaporation 
(carried on through the wet summer) 
reduces the temperature of the earth lower 
than usual, and produces cold. 

Q. Why is England warmer than it used to 
be, when agues ivere common ? 

A. Because it is better drained and 
better cultivated. 

Q. Why does draini n g land promote warmth ? 

A. Because it diminishes evaporation; 
in consequence of whicli, less heat is 
abstracted from the earth. 
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Q. Why does cultivation increase the 
WARMTH of a country P 

A. 1st—Because hedges and belts of 

trees are multiplied; 

2ndly—The land is better drained: and 

3rdly—The vast forests are cut down. \ 

Q. Why do hedges and belts of trees 
proniote waiuith ? 

A. Because they retard evaporationy 
by keeping oS the wind. 

Q. If belts of trees promote warmth, u hy do 
FORESTS produce cold ? 

A. 1st—Because they detain and 
condense the passing clouds: ^ 

2ndly—They prevent the access of 
both wind and sun : 

3rdly—The soil of forests is always 
covered with long damp grasSy rotting 
leavesy and thick brushwood: and 

4thly—In every forest there are always 
many hollows full of stagnant water. 

Q. Why do LONG GRASS and rotting leaves 

promote cold ? 

A. Because they are always damp; 
and the evaporation which they promote, 
is constantly absorbing heat from the 
•earth beneath. 



168 


EFFECTS OF HEAT. 


Q. Why are Fkance and Germany warmer 

now^ than uhen the vine would not ripen there ? 

A. Chiefly because their vast forests 
have been cut down ; and the soil is better 
drained and cultivated. 

Q Wluit becomes of the wateb of ponds and 

TUBS in summer-time ? 

A. Ponds and tubs are often left 
dry in summer-time, because their water 
is evaporated by the air '. 

Q. How is this evaporation I’rodxjced and 
carried on ? 

A. Thereat of the air changes the 
surface o^^e water into vapour, which 
(blending with the air) is soon wafted 
away ; anA^milar evaporation is repeat¬ 
edly produced, till the pond or tub is left 
quite dry. 

Q. Why are the wheels of some machines 

kept CONSTANTLY WET witll WATER? 

A. To carry off (by evaporation) the 
heaty which arises from the rapid motion 
of the wheels. 

Q. Why is mould hardened by the sun ? 

A. Because (when the moisture of 
the mould has been evaporated by the 
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sunj the earthy particles come into closer 
contact, and the mass becomes more 
solid. 

Q. Show the wisdom of God in this arrange¬ 
ment ? 

A. If the soil did not become crusty 
and hard in dry weather^ the heat and 
drought would penetrate}he soil^ and kill 
both seeds and roots. 

Q. ^Vhg is TEA cooled faster in a saucer, 
than in a cup ? 

A. Because evaporation is increased 
by increasing the surface; and as tea in 
a saucer presents a larger surface to the 
air, its heat is more rapidly canied off 
by evaporation. 

(The subject of “ convection” will be treated of in a 
future chapter; it would scarcely be understood in this 
place.) 

Q. Why is not the vapour of the sea salt ? 
A. Because the salt is always left 
behindy in the process of evaporation. 

^ Q. What is that white crust which appears 
(in hot weatherJ upon clothes wetted by sea water ? 

A. The salt of the water^ left on the 
clothes by evaporation. 


Q 
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Q Why does this white crust always dis¬ 
appear in WET •weather P 

A. Because the moisture of the air 
dissolves the salt; in consequence of 
which, it is no longer visible. 

Q. Why should not •persons, who take violent 
exercise, wear very thick clothing ? 

A. When the heat of the body is 
increased by exercise, perspiration reduces 
the heat (by evaporation) to a healthy 
standard : as thick clothing prevents this 
evaporation, it is injurious to health. 


CHAPTER XIII. 

COMMUNICATION OF HEAT. 

1.—CONDUCTION. 

Q. JSOW is HEAT COMMUNICATED from 0716 
body to another P 

A. 1. By Conduction. 2. By Ab¬ 
sorption. 3. By Reflection. 4. By 
Radiation, and 5. By Convection. 
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Q. What is meant hy conduction of heat ? 

A. Heat communicated from one 
body to another by actual contact. 

Q. Why does a piece of wood (blazing at 
ONE endj NOT peel hot at the other ? 

A. Because wood is so bad a conductor^ 
that heat does not traverse freely through 
it: hence, though one end of a stick be 
blazing, the other end may be quite cold. 

Q. Why do some things feel colder than 
others P 

A. Principally because they are 
better conductoj'S: in consequence of 
which, they draw off heat from our body 
much faster. 

Q. What are the best conductors of heat ? 

A. Dense solid bodies, such as metal 
and stone. 

Q. Which METALS are the most rapid con¬ 
ductors of HEAT ? 

A. The best conductors of heat are 
1. gold, 2. silver, 3. copper: 

The next best are 4. platinum, 5. iron, 
6. zinc, 7. tin : Lead is a very inferior 
conductor to any of the preceding metals. 

Q 2 
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Q. What are the worst conductors of 

HEAT ? 

A. All light and porous bodies ; such 
as hair, fur, wool, charcoal, and so on. 

Q. Why are cooking vessels often furnished 

ivith WOODEN HANDLES ? 

A. Because wood is not a good con^ 
ductOTy like metal; and, therefore, wooden 
handles prevent the heat of the vessel 
from rushing into our hands, and burning 
them. 

Q. Why is the handle of a metal tea pot 
made of wood ? 

A. Because wood is a bad conductor ; 
therefore, the heat of the boiling water is 
not so quickly conveyed to our hand by 
a wooden handle, as if it were made of 
metal. 

Q. Why would a metal handle burn the 
HAND of the teormaker ? 

A. Because metal is an excellent 
conductor; therefore, the heat of the 
boiling water rushes so quickly into the 
metal handlCy that it burns our hand. 

Q. How do you know that a metal handle 
would he H9TTER than a wooden one P 
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A. If we touch the metal collar into 
which the wooden handle is fixed, we 
shall find that the wooden handle feels 
cold, hut the metal collar intensely hot. 

Q. Why do persons me paper or woollen 

KE'rTLE-HOLDERS ? 

A. Because paper and woollen are 
both very had conductors of heat; in 
consequence of .which, *the heat of the 
kettle does not readily pass through them 
to the hand. 

Q. Does the heat of the hoiling kettle never 
get thi'ough the woollen or paper kettMwlder ? 

A. Yes; but though the kettle-holder 
became as hot as the kettle itself, it 
would never/ee? so hot. 

Q. Why would not the kettle-holder feel so 
hot as the kettle, when it really is of the same 
temperature ? 

A. Because (being a very bad con¬ 
ductor) it disposes of its heat too slowly 
to be perceptible; but metal (being an 
excellent conductor) disposes of its heat 
so quickly,thai the sudden influx is painful. 

Q. Why then does hot metal feel more 
intensely warm, than hot wool ? 

Q 3 



174 


CONDUCTJON. 


A. Because metal gives out a much 
greater quantity of heat in the same space 
of time; and the influx of heat is, con¬ 
sequently, more perceptible. 

Q. Why does money in our pocket feel very 
HOT, when we stand before a fire ? 

A. Because metal (being an excellent 
conductor) becomes rapidly heated: And, 
for the same reason, it becomes rapidly 
cold, whenever it comes in contact with 
a body colder than itself. 

Q. Why does a pump-handle fed intensely • 

COLD in WINTER ? 

A. As metal is an excellent conductor, 
when the hot hand touches the cold 
pump-handle, the heat passes rapidly 
from the hand into the iron; and this 
rapid loss of heat produces a sensation 
of intense coldness. 

Q. Is the iron handle of the pump really 
COLDER, than the wooden fumf itself? 

A. No ; every inanimate substance 
(exposed to the same temperature) 
possesses in reality the same degree of 
heat. 
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Q. Why then does the ibon handle seem so 
MUCH COLDER, than the wooden pump ? 

A. Merely because the iron is a 
better conductor; and, therefore, draws 
off the heat from our hand more rapidly 
than wood does. 

Q. Why does a stone or marble hearth feel 
to the feet colder, than a carpet or hearth-rug ? 

A. Because stone ^nd marble are 
good conductors*; but woollen carpets and 
hearth-rugs are very had conductors. 

Q. How does the stone hearth maize our 

FEET COLD ? 

A. As soon as the hearth-stone has 
absorbed a portion of heat from our foot, 
it instantly disposes of it, and calls for a 
fresh supply ; till the hearth-stone has 
become of the same temperature, as the 
foot placed upon it. 

Q. Do not also the woollen carpet and 
hearth-rug conduct heat from the human body P 

A. Yes; (but woollen being a very 
bad conductor) conveys the heat away 
so slowly, that it is scarcely perceptible. 

Q Is the cold hearth-stone in reality of 
the SAME temperature as the 'WXKM carpet 
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A. Yes; everything in the room is 
really of one temperature ; but some feel 
colder than others, because they are 
better conductors. 

Q. How LONG will the hearth-stone feel cold 
to the feet restincf on it P 

A. Till the feet and the hearthstone 
are both of the same temperature ; and 
then the sensation of cold in the hearth¬ 
stone will go olf. 

Q. Why would not the heahth-stone feel 
COLD, when it is of the same temperature as our 
FEET ? 

A, Because the heat would no longer 
rush out of our feet into the hearthstone^ 
in order to produce an equilibrium. 

Q. Why does the hearth-stone (when the 
fire is lighted) feel hotter than the hearth-rug? 

A. Because the hearth-stone is an 
excellent conductor^ and parts with its 
heat very readily i but the woollen hearth¬ 
rug (being a had conductor) parts with 
its heat very reluctantly, 

Q. Why does parting with heat rapidly 
make the hearth-stone feel warm ? 

A. As the heat of the stone rushes 



WATER. 


177 


quickly into our feet, it raises their tem¬ 
perature so suddenly, that we cannot help 
perceiving the increase of heat. 

Q. Why does the non-conducting power of the 
HEAUTH-RUG prevent its feeling so hot cts it really 
is? 

A. Because it parts with its heat so 
slovjly and gradually^ that we scarcely 
perceive its transmission into our feet. 

Q. When we plunge our hands into a basin of 
WATER, tvhy does it produce a sensation of cold ? 

A.. Because it is a better conductor 
than air; and as it draws off the heat 
from our hands more rapidly^ therefore, 
it feels colder. 

Q. Why does the conducting of water 
make it feel colder than air ? 

A. Because it abstracts heat from, our 
hands so rapidly^ that we feel its loss; 
but the air abstracts heat so very slowly, 
that its gradual loss is hardly perceptible. 

Q. Is neater a good conductor of heat P 

A. No; no liquid is a good conductor 
of heat; but yet water is a much better 
conductor than air. 
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Q. Why is wateb a betteb cokditctob of 
heat than air? 

A. Because it is less subtile ; and the 
conducting power of any substance 
depends upon its solidity, or the closeness 
of its particles, 

Q. How do you knoto, that water is not a 

GOOD CONDUCTOR of heat ? 

A. Because^ water may be made to 
boil at its surface, without imparting 
sufficient heat to melt ice a quarter oj an 
inch below the boiling surface. 

Q. Why are not liquids qooo conductobs 
oJ heat? 

A. Because the heat (which should 
be transmitted) produces evaporation, 
and flies off in the vapour. 

Q. Why does a pokeb fresting on the fender) 
feel COLDER than the heabth-RUO, which is further 
off the fire ? 

A. Because the poker is an excellent 
conductor, and draws heat from the hand 
much more rapidly than the woollen 
hearth-rug, which is a very bad con¬ 
ductor : though both, therefore, are 
eqpflUy warm, the poker seems to be the 
colder. 
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Q. Why are not bblcvs f wrapped in cloth) 
employed in cold weather to keep the feet warm ? 

A. BXQ had wnductors oiheaX, 

and cloth or flannel siiU worse : in 
consequence of which, a hot brick 
(wrapped in flannel) will retain its heat a 
very long time. 

Q. Whyis a'tis v as (filled teith noi water) 
employed as a foot-wabmeb?* 

A. Because 'polished tin (being a bad 
radiator of heat) keeps hot a very long 
time ; and warms the feet resting upon it. 

m 

Q. What is meant by being a “ had radiator 
of heat P ” 

A. To radiate heat is to throw off 
heat by rays, as the sun ; a polished tin 
pan does not throw off the heat of boiling 
water from its surface, but keeps it in. 

Q. Why is the tin foot-warmer covered with 

FLANNEL ? 

A. 1st—^That the polish of the tin 
may not be injured: 

2ndly—Because the flannel (which is a 
very bad conductorj helps to keep the 
tin hot longer : and 
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3rdly—Lest the conducting surface of 
the tin should feel painfully hot to them. 

Q. What disadvantage would it he, if the 
POLISH of the tin were injured? 

A. If the tin foot-wai'mer were to lose 
its polish^ it would get cold in a much 
shorter time, 

Q. Why would the tin foot-warmer get cold 
SOONER, if the POLISH weie injured ? 

A. Because polished tin throws off its 
heat very slowly; but dull, scratched, 
painted, or dirty tin, throws off its Jieal 
very quickly. 

Q. Why are furnaces arid stoves (where 
much HEAT is required) built of jjorous brick? 

A. Because bricks are bad conductors, 
QXid prevent the escape of heat; in conse¬ 
quence of which, they are employed where 
great heat is required. 

Q. Why are furnace doors, <&c frequently 
COVERED urith a -paste of clay and sand ? 

A. Because this paste is a very had 
conductor of heat; and, therefore, pre¬ 
vents the escape of heat from the furnace. 

Q. If a stove he placed in the middle of a 
room, should it be made of briclcs or iron ? 
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A. A stove in the middle of a room 
should be made of iron; because iron 
is an excellent conductoiy and rapidly 
communicates its heat to the air around. 

Q. Why does the Bible say, that God “ giveth 
SNOW like WOOL?” 

A. Because snow (being a very bad 
conductor of heat) protects vegetables 
and seeds from Jhe frost and cold. 

Q. How does the non~coyidiicting 'poxeer of 
SNOW PROTECT VEGETABLES frOXih the FROST and 
cold ? 

A. [t prevents the heat of the earth 
from being drawn off by the cold air, 
which rests upon it. 

Q. Why are woollens and furs med for 
CLOTHING in COLD Weather ? 

A. Because they are very bad con¬ 
ductors of heat; and, therefore, prevent 
the warmth of the body from being drawn 
off by the cold air. 

Q. Do not woollens and furs actually impart 
heat to the body F 

A. No; they merely prevent the heat 
of the body from escaping. 
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Q. Where would the heat escape to, if the 
body were not wrajtped in wool or fur ? 

A. The heat of the body would fly 
off'mio the air; for the cold air (coming 
in contact with our body), would grad- 
ually draw away its heat^ till it was as 
cold as the air itself. 

Q. What then is the phtncipal use of 
CLOTHING in winter-time ? 

A. I st—To prevent* the animal heat 

from escaping too freely: and 

2ndly—To protect the body from the 
external air (or wind), which would carry 
away its heat too rapidly. 

Q Why are beasts covered with fur, 

HAIR, or WOOL ? 

A. Because fur, hair, and wool, are 
very slow conductors of heat; and (as 
dumb animals cannot be clad, like human 
beings) God has given them a robe of 
hair or wool, to keep them warm. 

Q. Why are birds covered with down or 

'•BATHERS? 

A. Because down and feathers are 
very had conductors of heat; and (as 
birds cannot be clad, like human beings) 
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God has given them a robe of featJierSy 
to keep them warm. 

Q. Why are wool, fur, hair, and feathers, 
Huch SLOW CONDUCTORS of heat ? 

A. Because a great quantity of air 
lurks entangled between their fibres j and 
air is a very bad conductor of heat. 

Q. If AIR he a bad conductor of heat^ 
why should we not feel as wat^m without clothiny, 
as when we are wrapped in wool and fur? 

A. Because the air '(which is cooler 
than our body) is never at rest; and, 
therefore, fresh particles (perpetually 
passing over our body) keep drawing 
off the heat Utile by little. 

Q. How does the ceaseless change of air tend 
to DECREASE the WARMTH of a naked body ? 

A. Thus:—the air, (which cases the 
body), absorbs as much heat from it as it 
can, while it remains in contact; being 
then blown away, it makes room for a 
fresh coat of air , which absorbs more heat. 

Q. Does the air, which encases a- naked hody^ 
become (by contact) as warm cts the body itself? 

A. It would do so, if it remained 
motionless ; but as it remains only a very 

R 2 
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short time, it absorbs as much heat as it 
can in the time, and passes on. 

Q. Why do ue feel colder in- windy 
WEATHER, than in a calm day? 

A. Because (in windy weather) the 
particles of air pass over us more rapidly ; 
and every fresh particle takes from us 
some portion of heat, 

t* 

Q. Show the wisdom of ,God in making the 

AIR a BAD CONDUCTOR? 

A. If air were a good conductor (like 
iron and stone) the heat would be drawn 
so rapidly from our body, that we must 
be chilled to death. Similar evils would 
be felt also by all the animal and vegeta¬ 
ble world. 

Q. Does not the had conducting power of air 
enable persons to judge., whether an egg he new or 
STALE ? 

A. Yes; touch the larger end of 
the shell with your tongue; if it feels 
rearm to the tongue, the egg is stale; if 
not, it is new-laid. 

Q. Why will the shell of a stale ^oofeel 
WARM to the tongue ? 

A. Because the thick end of an egg 
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always contains a small quantity of air 
(between the shell and the white); when 
the egg is stale the white shrinks, and 
the air accordingly ejcpands. 

Q. Why does the expansion of air (at the end 

of an ey/j) make it feel warm to the tongue P 

A. As air is a very bad conductor, 
the more air an egg contains, the less 
heat will he drahtn from the tongue, when 
it touches the shell. 

Q. Why will a new-laid egg feel colder to 
the t 07 igii € at the thick endy than a stale one P 

A. Because it contains more white 
and less air; and as the white of an egg 
is a better conductor than air, the heat 
of the tongue will be drawn off more 
7'apidly, and the egg feel colder. 

Q. Why does fanning the face in summer ^ 
make it cool ? 

A. Because the fan puts the air in 
motion, and makes it pass more rapidly 
over the face ; and (as the temperature 
of the air is always lower, than that of the 
human facej each-puff of air carries of 
^some portion of its heat. 
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Q. Docs FANNING make the air itself coot-rr ? 

A. No; fanning makes the air 
hotter and holler. 

Q. How does fanning the ah' increase its 

HEAT ? 

A. By driving it more rapidly over 
the human body, and causing it, conse¬ 
quently, to absorb more of its heat, 

Q. If jannhig makes the air hotter, hoiv 
can it make a person feci cooler ? 

A. Fanning makes the air hotteVy 
but the face cooler ; because it takes the 
heat out of the face, and gives it to the air, 

Q. IVluj is BROTH COOLED hy BLOWING it ? 

A. Because the breath causes a rapid 
change of air to pass over the broth; and 
(as the air is not so hot as tlie broth) it 
continually absorbs heat from it, and 
makes it cooler and cooler. 

Q. TVotdd not the air absorb heat from the 
broth Just as well without blowing ? 

A. Noj air is a very bad conductor ; 
unless, therefore, the cha/nge he rapidy 
the air nearest the surface of the broth 
would soon become as hot as the broth 
itself. 
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Q. Bvt x’could not the hot air part with its 
heat instantly to the circumjacent air P 

A. No; not instantly. Air is so 
bad a conductor, that it parts with its heat 
very slowly : unless, therefore, the air be 
kept in continual motion^ it would cool 
the broth very slowly indeed. 

Q. Why does wind generally feel cooi< ? 

A. Wind is, only air in motion ; and 
the more quickly the air passes over oiir 
body, the more rapidly it absorbs* heat 
therefrom. 

Q. Why does air absorb heat more quickly 
hy being set in motion ? 

A. Because every fresh gust of air 
absorbs a fresh portion of heat ; and the 
more rapid the succession of gusts^ the 
greater will be the quantity of air 
absorbed. 

Q. If the AIR were hoiter than our body,* 
icoidd the wind feel cool ? 

A. No; if the air were hotter than 
our body^ it would feel insufferably hot. 

Q. Why woidd the air feel intensely hot, 
if it were warmer than our body? 

A. Because it would add to the heat 
of our body, instead of diminishing it. 
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Q. Is the AIR EVER as hot as the human 

BODY ? 

A. Not in tins country: in the hottest 
summer’s clay, the air is at least 10 or 12 
degrees cooler than the human body, 

Q. Is the EARTH ft good conductor of heat ? 

A. No ; the earth is a very had con¬ 
ductor of heat. 

f 

Q. Why is the earth u bad conductor of 
heat 

A. Because its particles are not 
continuous ; but the power of conducting 
heat depends upon the continuity of 
matter, 

Q. Why is the earth (below the surface) 
WAR:vtER in winter, than the surface itself? 

A. Because the earth is a bad con¬ 
ductor of heat; and, therefore, (although 
T;he ground be frozen) the frost never 
^ penetrates more than a few inches below 
the surface. 

Q. Why is the earth (below the surface) 
COOLER in SUMMER, than the surface itself? 

A. Because the earth is a bad con¬ 
ductor of heat; and, therefore, (although 
the surface be scorched with the burning 
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sun) the intense heat cannot penetrate to 
the roots of the plants and trees. 

Q. S/im the wisdom of God in maJcing the 

EARTH a BAD CONDUCTOR ? 

A. If the heal and cold could penetrate 
the earth (as freely as the heat of a fire 
penetrates iron), the springes would be 
dried up in summer and frozen in winter, 
and all vegetation would perish. 

Q. Why is water from a spring always 
COOL, eveii in summer ? 

A. Because the earth is so bad a 
conductor^ that the burning rays of the 
sun can penetrate only a few inches below 
the surface; in consequence of which, 
the springs of water are not affected by 
the heat of summer. 

Q. Why is it cool wider a shady tree in a i 
hot summers day P 

A. 1st—Because the overhanging 

foliage screens off the rays of the sun: 

2ndly—As the rays of the sun are 
warded off, the air (beneath the tree) is 
not heated by the reflection of the earth: 
and 
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3rdly—^The leaves of trees, being non- 
conductors^ allow no heat to penetrate 
them. 

Q. Why do the Laplanders wear skins, with 
the PUR INWARDS ? 

A. Because the dry skin prevents the 
7vind from penetrating to their body ; and 
the air (between the hairs of the fur) soon 
becomes heated by the body; in conse¬ 
quence of which, the liaplander in his 
fur is clad in a case of hot air, impervious 
to the cold and tvind, 

Q. Why does a linen shirt jeel colder 
than a cotton one ? 

A. Because linen is a much better 
conductor than cotton; and, therefore, 
(as soon as it touches the body) it draws 
away the heat more rapidly^ and produces 
a greater sensation of cold. 

Q. Why is the face cooled by wiping the 
temples with a fine cambric handkerchief ? 

A. Because the fine fibres of the 
cambric have a strong capillary attraction 
for moisture, and are excellent conductors 
of heat: in consequence of which, the 
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moisture and heat are abstracted from the 
face by the cambric, and a sensation of 
coolness is produced. 

“Capillary attraction,” i. e. the a1 traction of a thread or 
hair. Tile wick of a cniidle is wet with greose, because the 
melted tallow runs up the cotton from cai)ilhiry attraction. 

Q. Why u'oidd not a cotton handkerchief do 
as ivell P 

A. Because the coarse fibres of cotton 
have very little capillary attraction, and 
are very had conductors: in consequence 
of whicli, the heat of the face would be 
increased (rather than diminished') by the 
use of a cotton handkerchief. 


CHAPTER XIV. 


2.—ABSORPTION OF HEAT. 

Q. What is the difference between conducting 

heat, and absorbing heat ? 

A. To conduct heat, is to transmit it 
from one body to another through a 
conducting medium : To absorb heat, is 
to suck it up, as a sponge sucks up water. 
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Q. Give me an example, 

A. Black cloth absorbs, but does not 
conduct heat: thus, if black cloth be laid 
in the sun, it will absorb the rays very 
rapidly ; but if one end of the black cloth 
be made hot, it would not conduct the 
heat to the other end. 

Q. Are good conductors of heat, good 
ABSORBERS aho P 

A. No ; every ffood conductor of heat 
is a had absorber of it; and no good 
absorber of heat can be a good conductor 
also. 

Q. Is IRON a good absorber of heat? 

A. No; iron is a good conductor, 
but a very bad absorber of heat. 

Q. M hy do the fire-irons (which lie upon a 
fender) remain cold, although they are before a 
good fire P 

A. Because they are bad absorbers of 
heat; in consequence of which, they 
remain cold, unless they come in contact 
with the stove or fire. 

Q. Why are the fire-irons intensely hot, 
when they rest against the stove, which contains 
a good fire ? 
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A. Because they are excellent con¬ 
ductors of heat, and draw it rapidly from 
the stove with which they are in contact. 

Q. Why does a kettle hoil faster^ when the 
bottom and hack are covered with soot ? 

A. The hlacTc soot absorbs heat very 
quickly from the fire, and the metal 
conducts it to the water. 

Q. Why will not a NETf kettle hoil so fast 
as an old one / 

A. Because the bottom and sides of 
a new kettle are clean and bright; but in 
an old kettle they are covered with sooL 

Q. Why would a KErrLE he slower a-boil¬ 
ing, bottom and back tre/'d? c lean and bright? 

A. Bright metal does not absorb heat^ 
but reflects it; and (as the heat is thrown 
off from the surface of bright metal), 
therefore, a new kettle is longer boiling. 

Reflects heat, i. e. throws it hack again. 

Q. Why do we toear white linen and a 
BLACK outer DRESS, if we want to he warm P 

A. The black outer dress quickly 
absorbs heat from the sun; and the white 
linen (being a bad absorbent) abstracts 
no heat from the warm body. 

s 
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Q. Why do persons wear white dresses in 
SUMMER time ? 

A. White throws off the heat of the 
sun by reflection, and is, therefore, a very 
bad absorbent of heat; in consequence 
of which, it never becomes so hot from 
the scorching sun, as dark colours do. 

Q. Will/ do NUT WEAR WHITE dresscs 

in WINTER time? 

A. Because white will not absorb heat, 
like black and other dark colours; and, 
therefore, white dresses are not so warm 
as dark ones. 

Q. What COLOURS are warmest for dresses? 

A. For outside garments black is the 
warmest, and then such colours as 
approach nearest to black (as dark blue 
and green). White is the coldest colour 
for external clothing. 

Q. Why are dare colours (for external 
wear) so much warmer than light ones ? 

A. Because dark colours absorb heat 
from the sun more abundantly than light 
ones. 

Q. How can you prove that dark colours are 
WARMER than LIGHT On€8 ? 
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A- If a piece of black cloth and a 
piece of white were laid upon snow, 
in a few hours the black cloth will have 
melted the snow beneath; whereas the 
white cloth will have produced little or 
no effect upon it at all. 

N. B. The darker any colour is, the warmer it is, because 
it is a better absorbent of heat. The order may be tlius 
arranged:—1. Black (warmest all).—2. Violet.—3. 

Indigo.—4. Blue.—5. Green.—6. Bed.—8. Yellow: and 
0. White (coldest of all). 

Q. PF/ti/BLACK KID unpleasantly 

HOT/or summer wear ? 

A. 1st—Because the black absorbs 

the solar heat: and 

2ndly—The kid will not allow the heat 
of the hand to escape through the glove. 

Q. Why are lisle thread gloves agreeably 

COOL for summer wear? 

A. 1st—Because thread j9er- 

spiralion: and 

2ndly—It conducts away the heat of 
out hot hands. 

Q. Are Lisle thread gloves absorbents of 
heat ? 

A. As Lisle thread gloves are 

generally of a gr'cy or lilac colour, they 
do not absorb solar heat. s 2 
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Q. Why is a plate-warmer made of UN- 

PAINTED BRIGHT TIN? 

A. Because bright tin reflects the 
heat (which issues from the fire in rays) 
upon the meat; and, therefore greatly 
assists the process of roasting. 

Reflects the heat i. e. throws it hack upon the meat. 

Q. Why would not the tin reflector do as 
welly if it were painted ? 

A. Because it would then absorb heat, 
and not reflect it at all. A plate-warmer 
should never be painted, but should be 
kept very clean, bright, and free from all 
scratches. 

Q. Why should a reflector be kept so very 
clean, and free from all scratches ? 

A.. Because, if a reflector were spottedy 
dully or scratchedy it would absorb heat^ 
instead of reflecting it; and, consequently, 
would be of no use whatsoever as a 
reflector. 

Q. Why does hoar-frost remain on tomb¬ 
stones, long after it has melted from the grass 
and GRAVEL-WALKS of a church-yard P 

A. Because tomb-stones(beingn’A27e), 
will not absorb heat, like the darker grass 
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and gravel; in consequence of vvhicb, 
they remain too cold to thaw the frost 
congealed upon their surface. 

Q. If black absorbs heat, ^vhy have those who 
live in hot climates black skins, and not white 
skins, irhich would not absorb heat at all? 

A. Though the black skin of the 
negi’o absorbs heat more plentifully 
than the white skin of a European^ yet 
the blackness prevents the sun from 
blistermg or scorching it, 

Q. How is it known, that the black colour 
prevents the sun f7'om either blistering or 
SCORCHING the skin / 

A. If you put a white glove on one 
hand, and a black glove on the other 
(when the sun is burning hot), tlie hand 
with the white glove will be scorched, but 
not the other. 

Q. Which hand will feel the hotter ? 

A. The hand with the black glove 
will feel the hotter, but it will not be 
scorched by the sun; whereas the hand 
with the white glove (though much cooler) 
will be severely scorched. 

s 3 
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Q. Why does the black skin of a negro 
NEVER SCORCH or BLISTER with the hot sun P 

A. Because the black colovr absorbs 
the heat,—conveys it beloiv the surface 
of the skin,—and converts it to sensible 
heat and perspiration. 

Q. IVhy does the white European skin 
BLISTER and SCORCH, when exposed to the hot sun ? 

A. Because .the while rvill not absorb 
the heat; and, therefore, the hot sun 
rests on the surface of the skin, and 
scorches it. 

Q. Why has a negro black eyes ? 

A. The black colour of a negro’s 
eyes defends them from the strong light 
of the tropical sun. If a negro’s eyes 
were not black, the sun would scorch 
them, and every negro would be blind. 

Q. Why is water fin hot weatherJ kept 
cooler in a bright tin pot, than in an earthen 
one? 

A. Because bright metal will not 
absorb heat from the hot air, like an 
earthen vessel; in consequence of which, 
the water is kept cooler. 

Boilmg water is also kept IloI in bright metal better than 
in earthem vessels, see p. 208. 
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CHAPTER XV. 


3.—REFLECTION OF HEAT. 

Q. What is meant by reflectinq heat? 

A. To reflect heat, is to throw it hack 
in rays from the surface of the reflecting 
body, towards the plage whence it came; 

Q. What are the best reflectors of heat P 

A. All bright surfaces, and light 
colours. 

Q. Are good absorbers of heat good 

REFLECTORS also ? 

A. No; those things which absorb 
heat besty reflect heat worst; and those 
which reflect heat worst, absorb it best. 

Q. IVhy are those things which absorb heat, 
unable to reflect it ? 

A. Because, if any thing sucks in 
heat like a sponge, it cannot throw it off 
from its surface j and if any thing throws 
off heat from its surface, it cannot drink 
it in. 

Q. Why are reflectors always made of 
LIGHT-COLOURED and highly polished metal? 
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A. Because light coloured and highly 
polished metal makes the best of all 
reflectors. 

Q. Why do not plate-waumeks mlister 
and scorch the wood behind'? 

A. Because the bright tin front 
throws the heat of the fire hack agaitiy 
and will not allow it to penetrate to the 
wood behind. 

Q. If metal be suck an excellent Ct)SDUCToa 
of heat, how can it reflect heat, or throw it off? 

A. Polished metal is a conductor of 
heatj only when that heat is communicated 
by actual contact; but whenever heat 
falls upon bright metal in rays, it is 
reflected back again, and the metal 
remains cool, 

Q, What is meant “ by heat falling tijfon 
metal in rays,” and not “ by contact ” ? 

A. If a piece of metal were thrust into 
a fire, it would be in actual contact with 
the fire ; but if it were held before a fire, 
the heat of the fire would fall upon it 
in roys. 

Q What is the use of the tin screen or 

REFLECTOR, UScd ln ROASTING? 
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A. The tin reflector throws the heat 
of the fire back upon the meat; and, 
therefore, assists the process of roasting, 
and helps to keep the kitchen cool. 

Q. How does a tin beflector tend to keep the 
KITCHEN COOL? 

A. Because it confines the heal to the 
hearth, and prevents it from being 
dispersed throughout die kitchen. 

Q. Why are SSOF.S Borrenfor being ovsm? 

A. 1st—Because dust absorbs heat: 
and 

2ndly—It destroys the blackness of our 
shoes; and, therefore, prevents them from 
throwing ofif the heat of our feet in rays. 

Q. Why does it always fbeezb on the tof of 

a MOUNTAIN ? 

A. 1st—Because the air is very 
rarefied; and rarefied air retains more 
heat in the latent form, than denser air 
does; and 

2ndly—Air is heated by the reflection 
of the earth, and not by the solar rays; 
therefore, a mountain-top (which is 
deprived of this reflection) remains 
intensely cold. 
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CHAPTER XVI. 


4.—RADIATION. 

Q. What is meant hy radiation ? 

A. Radiation means the emission of 
rays : thus the sun radiates both light 
and heat; that is, it emits rays of liyht 
and heat in all directions. 

Q. When is heat radiated from one body 
to another ? 

A. When the two bodies dse sepa- 
rated by a non-conducting medium : thus 
the sun radiates heat towards the earth, 
because the air (which is a very bad 
conductor) comes between. 

Q. On WHAT does radiation depend ? 

A. On the roughness of the radiating 
surface: thus, if metal be scratched, its 
radiating power is increased; because the 
heat has more points to escape from. 

Q. Does a FIRE RADIATE 

A. Yesj and because burning fuel 
emits rays of heat, therefore we feel warm 
when we stand before a fire. 
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Q. Why does our pack feel uncomfortably 
HOT, when we aj>proach a fibe ? 

A. Because the fire radiates heat 
upon the face which (not being covered) 
feels the effect immediately. 

Q. TFAy does the fire catch the face more, 
than it does the rest of the body ? 

A. Because the rest of the body is 
covered with clothing, ^which (being a 
bad conductor oMieat) prevents the same 
sudden and rapid transmission of heat to 
the skin. 

Q. Do those substances tchich radiate heat, 
ABSORB heat also P 

A. Yes. Those substances which 
radiate most, also absorb most heat: and 
those which radiate least, also absorb the 
least heat. 

Q. Does any thing else radiate heat, besides 
the SUN and fire ? 

A. Yes; all things radiate heat in 
some measure, but not equally well. 

Q. What things radiate heat the next best 
to the sun and five ? 

A. All dull SLud dark substances are 
good radiators of heat; but all light and 
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polished substances are bad radiators of 
heat. 

Q. Why should the flues fconnected with 
ArnotVs stoves, c6c,J be always blackened iciih 

BLACK LEAD ? 

A. In order that the heat of the flue 
may be more readily diffused throughout 
the room. Black lead radiates heat more 
freely, than any other known substance. 

Q. Why does a polished metal tea-pot 
make betteb tea, t?ian a black earthen one f 

A. As polished metal is a very had 
radiator of heat, it keeps the water hot 
much longer ; and the hotter the water is, 
the better it “ draws’’ the tea. 

Q. Why will not a dull black tea-pot make 
good tea P 

A. Because the heat of the water 
Jlies off so quickly through the dull black 
siuface of the tea-pot, that the water is 
very rapidly cooled, and cannot “ draw” 
the tea. 

Q. Do not pensioners, and aged cottagers, 
generally prefer the little black earthen tea-pot 
to the bright metal one ? 

a. Yes; because they sel it on the 
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hob “ to draw in which case, the little 
black tea-pot will make the best tea. 

Q. Why will a BLACK TEA-POT make better 
tea than a hriyht metal one, if it he set upon the 
HOB to DKAW ? 

A. Because the black tea-pot will 
absorb heat plentifully from the fire, and 
keep the water hot : whereas, a bright 
metal tea-pot (set upoil the hob) would 
throw off" the heat by reflection. 

Q. Then sometimes a black earthen tea-pot 
is the best, and sometimes a bright metal one. 

A. Yes; when the tea-pot is set on 
the hob “ to draWf' the black earth is the 
best, because it absorbs heat : but when 
the tea-pot is not set on the hob, the 
bright metal is the best, because it 
radiates heat very slowly, and therefore 
keeps the water hot. 

Q. Why does a saucepan, which has been 
USED, boil in a shorter time than a new one ? 

A. Because the bottom and back are 
covered with soot; and the black soot 
rapidly absorbs the heat of the glowing 
coals. 
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Q. Why should the front arid lid of a 
SAUCEPAN he clean and bright? 

A. As they do not come in contact 
with the fire, they cannot absorb heat; 
and (being bright) they will not suffer 
the heat to escape by radiation. 

Q. In what state should a saucepan he, in 
order that it may boil quickly ? 

A. All those parts which come in 
contact with the fire should be covered 
with sooty to absorb heat; but all the rest 
of the saucepan should be as bright as 
possible, to prevent the escape of heat by 
radiation. 

Q. Why is it said, that “ Saturday’s kettle 

BOILS the FASTEST ” ? 

A. Because, on Saturday, the front 
and top of the kettle are generally clearied 
and polished; but the bottom and back 
of the kettle are never cleaned. 

Q. Why shcndd not the bottom and back 
of a kettle be cleaned and polished ? 

A. Because they come in contact 
wiih the fircy and (while they are covered 
with black soot) absorb heat freely from 
the burning coals. 
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Q. Why should the fbont and top of a 
kettle he glean and well polished ? 

A. Because polished metal will not 
radiate heat ; and, therefore, (while the 
front and top of the kettle are well 
polished) the heat is kept in^ and not 
suffered to escape by radiation. 

Q. Why is the bottom of a kettle nearly 
COLD, vshen the water is botjling hot ? 

A. Black soot is a very had conduc-^ 
tor of heat ; and, therefore, the heat of 
the boiling water is some time before 
it gets through the sooty which adheres 
to the bottom of the kettle. 

Q. Why is the lid of a kettle intensely 
hot, when the water boils ? 

A. Because the bright metal lid of 
the kettle is an admirable conductor of 
heat; and, therefore, the heat from the 
boiling water pours into our hand the 
moment we touch it. 

Q. Show the benefit of smoke in cooking. 

A. The carbon of the fuel (which 
flies off in smoke) naturally blackens all 
culinary vessels set upon the fire to boil, 
and thus renders them fit for use. 

Culinary vessels” are vessels used in kitchens for 
cooking, as saucepans, boilers, kettles, &c. 
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Q. How does smoke make culinary vessels 
FIT for USE ? 

A. If it were not for the smoke 
(which gathers round a kettle or sauce¬ 
pan) heat would not he absorbed, and 
the process of boiling would be greatly 
retarded. 

Q. Why is boiling water kept hot in a 
BRIGHT METAL better than in an earthen vessel ? 

A. Because bright metal (being a 
bad radiator) will not throw off from its 
surface the heat of the boiling water. 

Q. Would a metal jjot serve to keep water hot, 
if it were dull and dirty ? 

A. No. It is the bright polish of the 
metal, which makes it a bad radiator; if 
it were dull, scratched, or dirty, the heat 
would escape very rapidly. 

Water in hot weather is also kept cooler in bright metal, 
than in dull or earthen vessels, see p. 198. 

Q. Why are dinner-coveks made of bright 

TIN or SILYEB ? 

A. Because light-coloured and highly- 
polished metal is a very bad radiator 
of heat; and, therefore, bright tin or 
silver will not allow the heat of the 
cooked food to escape through the cover 
by radiation. 
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Q. Why should a meat-cover he very 
brightly polished ? 

A. If the cover be dull or scratched 
it will absorb heat from the hot food 
beneath it; and (instead of keeping it 
hot) will make it cold. 

Q. Why should a silver meat-cover he 
PLAIN, and not chased ? 

A. Because, if the cover be chased^ it 
will absorb the.heat of the food; and 
instead of keeping it hoty will make it cold, 

Q. What is dew ? 

A. Dew is the vapour of the air 
condensed^ by coming* in contact with 
bodies colder than itself. 

Q. TTHiy is the ground sometmies covered 
with dew ? 

A. Because the surface of the earth 
(at sun-set) is made so very cold by 
radiation, that the warm vapour of the air 
is chilled by contact with it, and condensed 
into dew. 

Q. Why is the earth made colder than the 
AIR, after the sun has set P 

A. Because the earth radiates heat 
very freely, but the air does not; in 

T 3 
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consequence of which^ it is often 5 or 10 
degrees colder (after sun-set); although 
it was very much warmer than the air, 
during the whole day. 

Q. TT7/y is the earth warmer than the air, 
dunng the day ? 

A. Because the earth absorbs solar 
heat very freely, but the air does not; in 
consequence of jvhich, it is often many 
degrees warmer than the air, during 
the day. 

Q. Why is the surface of the ground 
COLDER in a fine clear night, than in a cloudy 
one P 

A. Because, on a fine clear star- light 
night, heat radiates from the earth freely ^ 
and is lost in open space : but on a dull 
night, the clouds arrest the process of 
radiation. 

Q. Why is DEW deposited only mi a fine 
clear night ? 

A. Because the surface of the ground 
radiates heat most freely on a fine night; 
and (being cooled down by this loss of 
heat) chiUs the vapour of the air into derv. 

Q. Why is there no dew on a dull cloudy 

NIGHT? . 
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A. Because the clouds arrest the 
radiation of heat from the earth ; and (as 
the heat cannot freely escape) the surface 
is not sufficiently cooled down, to chill the 
vapour of the air into dew. 

Q. Why u a cloudy night warmer than 
a FINE one ? 

A. Because the clouds prevent the 
radiation of heat from the earth; in 
consequence of .which, the surface of the 
earth remains warmer. 

Q. Why is pew most abundant in situations 

most EXPOSED P 

A. Because the radiation of heat is 
not arrested by houses, trees, hedges, or 
any other thing. 

Q. Why is there scarcely any dew under a 
shady tree ? 

A. 1st—Because the shady head of 
the tree arrests the radiation of heat from 
the earth: and 

2ndly—It radiates some of its own 
heat towards the earth; in consequence 
of which, the ground (underneath a tree) 
is not siifficienlltj cooled down to chill the 
vapour of the air into dew. 
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Q. U7/^ is there never much dew at the foot 
of WALLS and hedges? 

A. 1st—Because they act as screens, 
to arrest the radiation of heat from the 
earth: and 

2ndly—They themselves radiate some 
portion of heat towards the earth; in 
consequence of which, the ground at the 
foot of walls and hedges is not sufficiently 
cooled down, to 'chill the vapour of the 
air into dew. 

Q, TF/t/y is there little or NO dew beneath a 
FLOWER-AWNING, althoufj/h that awnintf he open on 
all four sides ? 

A. 1st—Because the awning arrests 
the radiation of heat from the ground 
beneath: and 

2ndly—It radiates some of its own 
heat downivards; in consequence of 
which, the ground beneath an awning is 
not sufficiently cooled dorvn, to chill the 
vapour of air into dew. 

Q. How can a. thin covering of bass or even 
MUfMN protect trees from frost? 

A. Because any covering prevents 
the radiation of heat from the treeand 



DEW. 


213 


if the tree be not cooled down by radiation, 
the vapour of the air will not be frozen^ 
as it conies in contact with it. 

Bass pronounce bas—a kind of matting used by gardeners. 

Q. Whij k the bass or canvass itself (which 
covers the tree) always drenched with dew? 

A. Because it radiates heat both up^ 
wards and downwards; in consequence 
of which, it is so cooldd down, that it 
readily chills the vapour of the air 
into dew, 

Q. does snow fat the foot of a hedge 

or wall) melt sooner, than that in an open field ? 

A. Because the hedge or wall radiates 
heat into the snow beneath, which melts it. 

Q. Why is there no dew after a windy 

NIGHX ? 

A. 1st—Because the wind evaporates 
the moisture, as fast as it is deposited: 
and 

2ndly—It disturbs the radiation of 
heat; and thus diminishes^the deposition 
of dew. 

Q. TF/i// are valleys and hollows ofte^i 
thickly covered with dew, although they are 
sheltered ? 
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A. Because the surrounding hills 
prevent the repose of air from being 
disturbed; but do not overhang and 
screen the valleys sufBciently to arrest 
their radiation. 

Q. Why docs dew eall more abundantly 
on some things, than on others ? 

A. Because some things radiate heat 
tnore freely than others; and, therefore, 
become much cooler in the night. 

Q. Why arc ihinys, which radiate heat 
MOST FREELY, always the most thickly covered 

with DEW ? 

A. Because the vapour of the air is 
chitted into dew, the moment it comes in 
contact with them. 

Q. What kind of things radiate heat most 
freely ? 

A. Grass, wood, and the leaves of 
plants, radiate heat very freely : but 
polished metal, smooth stones, and 
woollen cloth, part with their heat very 
ta'^dily, 

Q. Do the leaves of all plants radiate heat 

EQJALLT WELL? 

A. No. Rough woolly leaves (like 
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those of a liolly-hock) radiate heat much 
more freely, than the hard smooth polished 
leaves of a common laurel. 

Q. Shew the wisdom of God in makimj grass, 
the leaves of trees, and all vegetables, excel¬ 
lent RADIATORS ofheat} 

A. As vegetables require much mois-- 
ture, and would often perish without a 
plentiful deposit of dew, God wisely made 
them to radiate heat freely, so as to chill 
the vapour (which touches them) into 
dew. 

Q. Will polished metal, smooth stones, and 
woollen CLOTH, readily collect dew ? 

A. No. While grass and the leaves 
of plants are completely drenched with 
dew, a piece of polished metal, or of 
woollen cloth (lying on the same spot), 
will be almost dry, 

Q. Why would polished metal and wool¬ 
len CLOTH he DRY, while grass and leaves are 
drenched with dew ? 

A. Because the polished metal and 
woollen cloth part with their heat so 
slowly, that the vapour of the air is not 
chilled into deto, as it passes over them. 
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Q. Wliy is a gravel walk almost dry, when 
a gra^s plat is covered thick with dew ? 

A. Because grass fbeing a good 
radiatorJ throws off its heat very freely ; 
but gravel (being a very bad radiatorj 
parts with its heat very slowly. 

Q. Is that the reason why grass is saturated 
with DEW, a7id the gravel is not ? 

A. Yes, When the vapour of 
warm air comes in contact with the cold 
grass, it is instantly chilled into dew ; but 
(as the gravel is not so cold as the grassj 
the vapour of air is not so freely condensed, 
as it passes over the gi’avel. 

Q. Why does dew rarely fall upon hard 
BOCKS and barren lands P 

A. Because rocks and barren lands 
are so compact and hard^ that they can 
neither absorb nor radiate much heat ; 
and (as their temperature varies but very 
little J very little dew distils upon them. 

Q. Why does dew fall more abundantly on 
CULTIVATED soils, than on b<irb£N lands P 

A. Because cultivated soils (being 
loose, and porousj absorb heat freely 
during the day, and radiate it by night; 



SNOW WHITE. 


351 


A. Because it supplies itwith moisture 
containing carbonic acid; which penetrates 
slowly into the soil, and insinuates itself 
through every clod, ridge, and furrow. 

Q. Why is there no snow in summer thne P 

A. No snow reaches the general 
surface of the earth in summer time, 
because the heat of the^ earth melts it in 
its descent. 

Q. Why are some mountains always cov¬ 
ered with SNOW? 

A. 1st—Because the air is more 
rarefied; and rarefied air abstracts heat, 
which it holds in a latent state: and 

2ndly—As the mountain top is not 
surrounded hy earthy to radiate heat into 
the air; therefore, the snow is not melted 
in its descent, but falls on the mountain, 
and lies there. 

Q Why is SNOW white ? 

A. Snow is formed of an infinite 
number of very minute crystals and prisms, 
which reflect all the colours of the rays 
of light; and these colours uniting before 
they meet the eye, cause snow to appear 
white. 
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Q. What is HAIL ? 

A. Rain, which has passed in its 
descent through some cold bed of air, and 
has been frozen into drops of ice. 

Q. Why is ONE bed of air coldeb than 
another P 

A. This is frequently caused by elec- 
tricity unequally distributed in the air. 

Q. Why is hail frequently accomjpanied with 
THUNDER and LIGHTNING ? 

A. 1st—Because the congelation of 
rvater into hail disturbs the electricity of 
the air: and 

2ndly —The friction (produced by the 
fall of hail) excites it still more. 

Q. Why does hail fall generally in summer 
and autumn ? 

A. Ist—Because the air is more 
highly electrified in summer and autumn : 
and 

2nd]y—The vapours (being rarefied) 
ascend to more elevated regions, where 
the cold is greater than it is nearer the 
earth. 

Q. What TWO things are essential to cause 
HAI^? 
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A. Two strata of clouds having 
opposite electricities, and two currents of 
wind. The lower cloud (being negative) 
is the one precipitated. 

(J. What is RAIN ? 

A. The vapour of the clouds or air 
conaensed, and precipitated to the earth. 

Q. Why is the vapour* oj the air or clouds 
PRECIPITATED ? * 

A. When the air is saturated with 
vapour, if a cold current condenses it, it 
is no longer able to hold all its vapour in 
solution, and some of it falls as rain. 

Q. Why does rain fall in drops ? 

A. The vapoury particles in their 
descent attract each other; and those 
which are sufficiently near, unite and 
form into a diop. 

Q. Why does not the cold of nig jit always 
cause rain ? 

A. Because when the air is not near 
saturation, it will be able to hold its 
vapour in solution, even after it is con¬ 
densed by the chilly night. 

Q. Why does a passing cloud often drop 
rain ? 
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A. Because tl)e clouJ (travelling* 
about on the wind) comes into contact 
with something that chills it; and its 
vapour being condensed, to the earth 
as rain. 

Q. Why are kain-deops sometimes much 
LAiiGEU, than at other times? 

A. When the rain-cloud is floating 
near the earth, the drops are large, because 
such a cloud is much more dense, than one 
which is more elevated. 

The size of the rain drop is increased, according to the 
rapidity with which the vapours are condensed. 

Q. Does not wind sometimes increase the 
SIZE of rain-drojis ? 

A. Yes; by blowing two or more 
drops into one. 

Q. Why do clouds fall in rainy weather ? 

A. 1 St —Because the clouds are heavy 
with abundant vapour: and 

2ndly—^As the density of the air is 
diminished, it is less able to buoy the 
clouds up. 

Q How do you know, that the density of 
the air is diminished in rainy weather ? 

A. Because the mercury of a barom¬ 
eter faHs in rainy weather. 
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Q. IVJif/ is liAiN’Uater more fkjitilizing, 
t^ion TunT-water ? 

A. Because it contains more carbonic 
acid, and also a small quantity of ammo^ 
nia^ with which it supplies the young 
plants. 

It is probable that the nmmoaia of rain-water is merely 
that which escaijes from decaying vegetable matters, beaten 
back by the force of the shower. , 

Q. Why does jiain purify the air ? 

A. 1st—Because it beats down the 
nowious exhalations collected in the air, 
and dissolves them: 

2ndly—It mixes the air of the upper 
regions with that of the lower regions: 
and 

3rdly—It washes the eai'th^ and sets in 
motion the stagnant contents of sewers 
and ditches. 

Q. Why are mountainous countries more 
RAINY, than flat ones ? 

A. Because the air (striking against 
the sides of the mountains) is carried up the 
inclined planer and brought in contact 
with the cold air of (he liigher regions; 
in consequence of wliich, its vapour is 
condensed, and deposited in rain. 
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Q. Why does a sponge swell, nhen it is 

WETTED ? 

A. Because the water penetrates the 
pores of the sponge by capillary attraction, 
and drives the particles further from, each 
other ; in consequence of which, the hidk 
of the sponge is greatly increased, 

Q. Why do rnDDUE^-strings snap in wet 
weather ? • 

A, Because the moisture of the air 
(penetrating the string) causes it to swell; 
and (as the cord thickensJ its tension is 
increased, and the string snaps. 

Q. Why does paper i’ucker, when it is 

WETTED ? 

A. Because the moisture (penetrating 
the paper) drives its particles further 
apart; and (as the moisture is absorbed 
unequally by the paper) some parts are 
more enlarged than others; in conse¬ 
quence of which, the paper blisters or 
puckers, 

Q. Why do the iveather-toys (called cap'uchins) 
Up - the cowl over the figures in wet iveather ^ and 
remove it in dry ? 

A. The cowl of the cap'uchin is 
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attached to a piece of cat-gut in such 
a manner, that when the cat-gut is 
shortened hy moisture^ it pulls the cowl 
up; but in dry weather, the string is 
loosened^ and the cowl falls down by its 
own weight. 

Q. In another xveather-toy^ the man comes out 
in WET weather^ and the lady in fine: —Why is 
this P * 

A. The two*figures are attached to a 
piece of cat-gut in such a manner, that 
when the cat-gut is shortened hy moisture^ 
it pulls the man out; but when it is loose^ 
the woman falls out by her own weight. 

Q. Why are wet stockings difficult to 

PULL ON ? 

A. The moisture penetrates the 
threads of the stockings, and causes 
them to shrink in size, 

Q. What is the most rainy spot in E ngland ? 

A. Keswick (ui" Cumberland) ; and 
then Kendal, (a market town in West¬ 
moreland). 

In Keswick, about 63 iuclies of rain fall in a >ear. In 
Kendal, 58; Manchester, 38 ; Liverpool, 34; Dublin and 
Cambridge, 25; Lincoln, 24; London, 21; and in Paris, 
only 18. 
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Q. In which part qf the day does the most 
RAIN fall? 

A. More rain falls by night, than by 
day; because the cold night condenses 
the air, and diminishes its capacity for 
holding vapour in solution. 

Q. Does more rain fall in summer or in 
WINTER time ? 

A. There arfe more rainy days from 
September to March; but heavier rains 
between March and September. 

Q. Why are there mobe eaint dats from 
September to March, than from March to September ? 

A. Because the temperature of the 
air is constantly decreasing, and its 
capacity for vapour decreases also; in 
consequence of which, it is perpetually 
obliged to part with some of its vapour 
in rain. 

Q. In what part <tf the world does bairt 

fall MOST ABUNBAMTLT P 

A. Near the equatot-; and the quan¬ 
tity of rain decreases, as we approach the 
poles. 

Q Why does hobb baim fall at the equator, 

than at the poles P 
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being, therefore, much cooled by this rapid 
radiation of heat, they plentifully condense 
into dew the vapour of the passing air. 

Q. Shew the wisdom of God in this arrange¬ 
ment. 

A. Every plant and inch of land, 
which needs the moisture of dew, is 
adapted to collect it; but not a single 
drop even of dew is iVasted, where its 
refreshing moisture is not required. 

Q. Sheiv the wisdom of God in making 
polished metad and woollen cloth bad 
radiators of heat. 

A. If polished metal collected dew as 
easily as grass, it could never be kept dry^ 
and free from rust. Again, if woollen 
garments collected dew as readily as the 
leaves of trees, we should be often soaking 
rvety and subject to constant colds. 

Q. Shew how this affords a beautiful illustra¬ 
tion of Gideon’s miracle, recorded in the hook 
Judges, vi. 37, 38. 

A. The fleece of wool (which is a 
very had radiator of heat) was soaking 
wet with dew; when the grass (which is 
a most excellent radiator) was quite dry. 

u 
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Q. Was not this contIiart to the laws of 

NATURE ? 

A. Yes; and was, therefore, a plain 
demonstration of the poiver of Ood, who 
could change the very nature of things 
at his will. 

Q. our CLOTHES FEEL DAMP, oftet' 

'ivaUdng in a fine evening in spring or autumn ? 

A. Because ,the vapour (condensed 
by the cold earth) lights* upon them, like 
dew. 

Q, Why a re wind o ws often co vered with thick 

MIST, and the frames wet with standing water? 

A. Because the temperature of the 
external air always falls at sun-set, and 
chills the window-glass, with which it 
comes in contact. 

Q. How does this account for the mist and 

WATER on a WINDOW ? 

A. As the warm vapour of the room 
touches the cold glass, it is chilled and 
condensed into mist; and the mist (col¬ 
lecting into drops) rolls doton the window- 
frame in little streams of water. 

Does the glass of a window cool doimi 
mo>*i&^RAPiDLT, than the air of the room itself? 
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A. Yes ^ because the air is hept 
warm hy fires, and the animal heat of the 
people in the room ; in consequence of 
which, the air of a room suffers very 
little diminution of heat from the setting 
of the sun. 

Q. Whence arises the vapour of a room ? 

A. 1st—The very air of the room 

contains vapourj 

2ndly—The hreath and insensible per-^ 
spiration of the inmates increase this 
vapour: and 

3rdly— Hot dinners^ the steam of tea^ 
and so on, increase it still more. 

Q. What is meant hy “ the insensible 

PEllSPIRATION ” ?. 

A. From every part of the human 
body, an insensible and invisible perspi^ 
ration issues all night and day; not only 
in the hot weather of summer, but also 
in the coldest day of rvinter^ 

Q. Jf the perspiration be l^th insensible 
and INVISIBLE, how is it known iiat there is any 
stwh perspiration P 

A. If you put-your naked arm-tinto 
a clean dry glass tube, the p&rsj^riition 

u 2 
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of your arm will soon condense on the 
glass/like mist. 

Q. Why are cirrijioe windows very soon 
covered with thick mist ? 

A. Because the warm vapour of the 
carriage is condensed by the cold glass, 
and covers it with a thick mist. 

Q. Why is the glass window cold enough^ 
to condense the vapow^ of the carriage P 

A. Because the inside of the carriage 
is much warmer than the outside ; and 
the glass window is made cold by contact 
with the external air. 

a 

Q. Where does the warm vapour of the 
carriage come from ? 

A. The warm breath and insensible 
perspiration of the persons riding, load 
the air of the carriage with warm vapour. 

Q. What is the cause of the pretty frost¬ 
work, seen on bed-room windows in winter-time P 

A. The breath and insensible pernpi- 
ration of the sleeper (coming in contact 
with the ice-cold window) frozen by 
the cold glass, and form those beautiful 
appearances seen in our bed-rooms on a 
wiiitefrve morning. 
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Q. TF'hy is the glass oJ a window colder, 
than the walls of a room ? 

A. Because glass is so excellent a 
radiator^ that it parts with its heat very 
rapidly. 

Q. Why is a tumbler of cold water made 
quite DULL rvith mist, when brought into a room 

FULL of PEOPLE ? 

A. Because the hqt vapour of the 
room (coming in contact with the cold 
tumbler) is condensed upon it; and 
changes its invisible and gaseous form, 
into that of a thick mist. 

Q. Why is a glass made quite dull, by 
laying a hot hand upon it? 

A. Because the insensible perspira^ 
tion of the hot hand is condensed upon 
the cold glass, and made perceptible. 

Q. Why are wine-glasses made quite dull, 
when they are brought into a room full of 
COMPANY ? 

A. Because the hot vapour of the 
room (coming in contact with the cold 
wine-glasse.8) is condensed upon them, 
and covers them with vapour hke dew. 

Q. Why does this misty appearance go off, ^ 
after a little time P 

u 3 
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A. Because the glass becomes of 
the same temperature, as the air of the 
room; and will no longer chill the vapour 
which touches it^ and condense it into 
mist. 

Q. Why is a wine glass (which has hem 
brought out of a cellar into the air) covered with 
a thick MIST in summer-time P 

A. Because the vapour of the hot 
air is condensed by the cold glass, and 
covers it as a thick mist. 

Q. Why does breathing on a glass ynake it 

quite DULL ? 

A. Because the hot breath is cow- 
densed by the cold glass; and, therefore, 
covers it with a thick mist. 

Q. Why do walls stand thick with wet in 
a mdden thaw^ ? 

A. Because the walls (being thick) 
cannot change their temperature so fast 
as the air; in consequence of which, they 
retain their cold after the thaw has set in. 

Q. How does ** retaining their jco'ld " account 

for their being so wet ? 

A. As the vapour of the warm air 
touches the cold mall, it is chilled and 
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condensed into water, which either sticks 
to the wall, or trickles down in little 
streams. 

Q. Why does a thick well-built house 
contract more damp of this kind^ than an obdinaby 
one P 

A. Because the walls are much 
thicker; and (if the frost has penetrated 
far into the briclisj they*will be some time 
before they are reduced to the same tem¬ 
perature as the air. 

Q. Why are balustees dc. damp after a 

THAW ? 

A. Because they are made of some 
very close-grained, varnished wood, which 
cannot change its temperature so fast as 
the air. 

Balusters—corruptly called banisters. 

Q. How does this account for the baldstebs 
being damp ? 

A. The vapour of the warm air 
(coming in contact with the cold balusters) 
is chitted, .and condensed into water 
upon it. 

Q. Why is our bbe'aih visible in wintbb, 
and NOT in btthiier? 
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A. Because in winter, the coldness 
of the air condenses our breath into 
visible vapour; but in summer, the aii* is 
not cold enough to do so. 

Q. Why are our hath, and the brim of our 
HAT, often covered with little drops of pearly dew in 
winter-time ? 

A. Because our breath (as it comes 
in contact with cftir cold hair or hat) is 
condensed; and hangs'there in little 
dew-drops. 

Q, Why does the steam of a railway 
BOILER often pour down, like fine rain, when the 
steam is “ let off? ’* 

A. Because, in cold weather, th e steam 
from the chimney is condensed by the 
chill air, and falls like fine rain. 

Q. Why is there less dew when the wind is 
EASTERLY, than when the wind is westerly ? 

A. Easterly winds cross the con¬ 
tinent of Europe, and (as they pass over 
landj are dry and arid: But westerly 
winds cross the Atlantic Ocean; and 
(as they pass over water) ar6 moist and 
/aZ/ of vapour. 

Q. . How does the dryness of an easterly 

m9»<lPREyENT DEW-FALLS P 
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A. As the easterly winds are dry, 
they imbibe the moisture of the air; in 
consequence of which, there is very little 
left to be condensed into dew. 

Q. How does the moistkess of a western wind 
PROMOTE dew falls P 

A. As the westerly winds are sat¬ 
urated with vapour, they require a 
very little reduction of* heat to cause a 
copious depositiok of dew. 

Q. When is dew most copiously distilled P 

A. After a hot day in summer or 
autumn, especially if the wind he in the 
west. 

Q. Why is DEW distilled most copiously cfter 

a HOT day 1 

A. Because the surface of the hot 
earth radiates heat very freely at sunset; 
and (being made much colder than the 
airj chills the passing t^pour^ and 
condenses it into dew. 

Q. Does not air radiate heaip as weU as the 
EARTH and its various plants P 

A. No. * The air never radiates heat; 
nor is the air made. hot by rthe rays of 
the sun. 



226 


RADIJLTION. 


Q. How is the air made hot or cold ? 

A. By convection of hot or cold 
currents. 


Q. What is meant hy “convection oJ hot 
or cold currents ? ” 

A. The air which has been heated by 
the surface of the earth ascends, warming 
the air through which it passes. Other 
air (being warmed in a similar way) also 
ascends, parrying heat; till all the air is 
made hot. 


Q. Is the AIR made cold in a similar way P 

A. Yes. The air resting on the 
earth is made cold by contact: this cold 
air makes the air above it cold; and cold 
currents (or winds) shake the whole to¬ 
gether, till all becomes of one temperature. 

Q. Why is meat very subject to taint on a 

MOON-LIGHT night ? 

A. In a bright moon-light night, 
meat radiates heat very freely; and is 
soon covered with dew^ which produces 
rapid decomposition. 

Q, /^ow do MOON-LIGHT nights conduce to the 
rapid g^iowth of plants ? 

A. 7 In bright moon-light nights, (as 
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rapid radiation is carried on), dew is veiy 
plentifully deposited on young plants, 
which conduces much to their growth and 
vigour. 

Q. Why is evening dew iejubiods to 
HEALTH ? 

A. Because the condensed vapours 
are always laden with noxious exhalations 
from the earth: this is especially the case 
in marshy countries. 

Q. Is HONET-DEW a similar thing to dew ? 

A. No, Honey-dew is a sweet liquid, 
shed by a very small insect (called the 
aphis), and deposited in autumn on the 
under surface of favourite leaves. 

Q. Does HONEY-DEW INJURE Uaves, or do 
them good P 

A. It injures them vety much, by 
filling the pores with e t)iick clammy 
liquid; in consequence of which, the 
leaf can neither transire, nor absorb its 
needful food. 

Q. What EFFECT has honM-dew upon the 
AFPEABANGE df a leaf? f 

A. After a little time, the leaf (being 
smothered and Carved) beg^s to turn a 
dingy yellow. 
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Q. Are not ants very fond of honey-dew? 

A, Yes; and crawl up the loftiest 
trees, in order to obtain it 

Q. What is the cause of msT (or earth-foy) ? 

A. If the night has been very calm, 
the radiation of heat from the earth has 
been very abundant; in consequence of 
which, the air (resting on the earth) has 
been chilled, and its vapour condensed 
into a thick mist. 

Q. Why does not the mist become dew ? 

A. Because the chill of the air is so 
rapid, that vapour is condensed faster 
than it can be deposited; and (covering 
the earth in a mist) prevents any further 
radiation of heat from the earth. 

Q. When the earth can no loiujer radiate 
heat upwards, does it continue to condense the 
vapour of the air ? 

A. No; the air (in contact with the 
earth) becomes about equal in temperature 
with the surface of the earth itself; for 
which reason, the mist is not condensed 
into dew, but remains floating above the 
eat th as a thick cloud. 
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Q. How u itf that this mist seems to btsb 
HiGHEB and HIGHER, and yet remains quite as dense 
below as at first ? 

A. The air resting on the earth is 
first chilled, and chills the air resting on 
it ; the air which touches this new layer 
of mist heiugalso condensed, layeris added 
to laypr; And thus the mist seems to be 
risingy when (in fact) it4s only deepening. 

Q. Why does^isT and dew vanish, the ' 
SUN rises ? 

A. Because the air becomes warmer 
at sun-rise, and absorbs the vapour. 

Q. Why is a dew-drop round ? 

A. Because every part of the drop is 
etiuallg balanced; and, therefore, there is 
no cause why one part of the drop should 
be further from the centre, than another. 

Q. Why is the dew-drop (on a broad leaf) 
sometimes flattened? 

A. Because two or more drops of 
dew roll together^ and make one large 
spheroid (or flattened drop). 

Q. Whynvill dew-drops role about cab- 
BAGE-PLANTS, POPPIES, dc, without ivettuiy the 
surface ? 

A. The leaves of cabbages and pop- 

X 
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pies are covered with a very fine waxen 
•powder, over which the dew-drop rolls 
(as a drop of rain over dust), without 
wetting the surface. 

(J. Why does not the drop of rain wet the 
DUST over ivhich it rolls ? 

A. Because dust has no affinity for 
water; and, therefore, repels it. 

Q. Why does not the dew-drop wet the 
POWDER of the CABBXGE-2drtnt ? 

A. Because the fine powder, which 
covers the cabbage-leaves, has no qffitiity 
for water; and, therefore, repels it. 

Q. Why will dew-drops roll over a rose, 
dc, without wcttiny the petals ? 

A. Because the leaves of a rose 
contain an essential oil, which has no 
affinity for water; and, therefore, repels it. 

Q. Why can swans and ducks dive under 
water WITHOUT being wetted ? 

A. Because their feathers are covered 
with an oily secretion, which has no 
affinity for water, and, therefore, repels it. 

(?. What is the cause of mist ? 

A. Currents of air from the water, 
mixing with colder land currents, are 
condensed (by contact) into mist. 



AIR AND WATER. 


231 


Q. Why are the currents of air from the land, 

COLDER than those blowing over water ? 

A. Because the earth radiates heat 
very freely after sun-set; and (being 
greatly cooled down) cools the air also, 
which comes in contact with it 

For other questions respeeting land and sea breezes, 
see Cliiipter XXII. 

Q. Why is not the Ain, which jmsses over 
WATER, so COOL as Vuit, which passes over land ? 

A. Because water does not cool down 
at sitn-sei, so fast as land does; and, 
therefore, the air in contact with it is 
warmer. 

Q. Why does not water cool down so fast as 
LAND ? 

A. 1st—Because the surface of water 
is perpetually changing; and as fast as one 
surface is made cold, another is presented ; 
and 

2ndly—The moment water is made 
cold it sinks, and frarmcr portions of 
water rise j:o occupy its place; therefore, 
before the surface of water is cooled, the 
whole volume must be made cold ; which 
is not the case with land. 


X 2 
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Q. What is the came of a '^pea-soup*' 
LONDON FOG ? 

A. These fogs (which occur generally 
in the winter time) are occasioned thus:— 
Some current of air (being suddenly 
cooled) descends into the warm streets, 
forcing back the smoke in a mass towards 
the earth. 

Q. Why are tliere not always fogs, exwry 
nifjht? 

A. Because the air will always hold 
in solution a certain quantity of vapour, 
(which varies according to its tempera¬ 
ture) : and wlien the air is not saturated, 
it may be cooled without parting with its 
vapour. 

Q. Why are there ever fogs at niylit? 

A. If the air is saturated with vapour 
during the day, as soon as its capacity 
for holding vapour is lessened by the 
cold night, it deposits some of the super¬ 
abundant moisture in the form of dew 
or fog. 

Q Why is there very often u/oy over marshes 

and RTTERS, at night-time P 

A. Because the air of marshes is 
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almost always near saturation; and, 
therefore, the least depression of tempera¬ 
ture, will compel it to relinquish some 
part of its moisture in the form of dew 
or fog. 

Q. What is the difference between dew and 
RAIN ? 

A. In dero, the condensation is made 
near the earth's surjadh. 

In rain, the‘drops fall from a consid¬ 
erable height. 

Q. What is the cause of both dew and rain ? 

A. Cold condensing the vapour of 
the air, when it is near the point of 
saturation. 

Q.*" Why do MIST and fog vanish at sun¬ 
rise / 

A. Because the condensed particles 
are again changed into invisible vapour 
by the heat of the sun. 

Q. What is the difference between a mist ayid 
a FOG? 

A. Mist is generally applied to 
vapours condensed on marshes, rivers, 
and lakes. 

Fog is generally applied to vapours 

X 3 
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condensed on land; especially if those 
vapours are laden with smoke. 

Q. What is the reason why condensed vapour 
sometimes forms into clouds, mid sometimes into 
FOG ^ 

A. If the surface of the earth 
be hotter than the a/V, the vapour 
of the earth (being chilled by the cold 
air) becomes foGt: But if the air be 
hotter than the earthy the vapour rises 
through the air, and becomes cloud. 

Q. If cold air produces foo, v'hy is it not 
fofigy on a riiosTi morning ? 

A. 1 St—Because less vapour is formed 

on Vijrosty day : and 

2nclly—The vapour is frozen upon 
the ground, before it can rise from the 
earth; and becomes hoar-frost. 

Q. Why are fogs more general in autumn, 
than in spring P 

A. 1st—Because the air in spring is 
generally much drier, than it is in autumn ] 
in consequence of which, it is not so near 
the point of saturation : and 

2ndly—The earth in spring is not so 
hot, as it is in autumn; in consequence 
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of which, its vapour is not chilled into fog, 
as it issues into the air. 

Q. Why are YOGS more common in valleys, 
lhan on hills ? 

A. 1st — Because valleys contain 
more moisture than hills : and 

2ndlv—They are not exposed to so 
much rvind, which dissipates the vapour. 

Q. lloxr does WIND dissipate fogs ? 

A. Either "by blotring them away; 
or else by dissoivmg them into vctpour 
again. 

Q. What is iroAK-FROST P 

A. There are two sorts of hoar-frost ; 
1.—Fbozen dew: and 2 .—Frozen fog. 

Q. What is the cause of the ground hoar- 
FROST, or frozen dew? 

A Very rapid radiation of heat from 
the earth; in consequence of which, the 
surface is so cooled down^ that it freezes 
the dew condensed upon it. 

Q. Why is hoar-frost seen only after a very 

CLEAR NIGHT ? 

A. Because the earth will not have 
thrown off heat enough by radiation, to 
freeze tlic vapour condensed upon its 
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surface, unless the night has been very 
clear indeed. 

Q. Why does hoar-frost very often cover 
the GROUND and trees, u'hen the water of rivers is 
not frozen. 

A- Because it is not the eflfect of cold 
in the air^ but cold on the surface of the 
earth (produced by excessive radiation), 
which freezes the \lerv condensed upon it. 

Q. Why is the hoar-frost npon grass and 
VEGETABLES mucli thicker, than tJoat upon lofty 
TREES ? 

A. Because the air (resting on the 
surface of the ground) is much colder 
after sun-set, than the air higher up; 
in consequence of which, more vapour is 
condensed and frozen there. 

Q. Why is the air (resting on the surface of 
the earth) colder, than that in the higher regions P 

A. Because the earth radiates more 
heat, than the leaves of lofty trees ; and, 
therefore, condenses Jind freezes the 
vapour of the air more rapidly. 

Q. Why arc evergree;ns often frost-bitten, 

when lofty trees are not ? 

A. Evergreens do not rise far above 
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the surface of the earth; and (as the air 
conlujuous to the earth is made colder by 
radiation, than that in the higher regions) 
therefore, the low evergreen is often frost- 
hiileny when the lofty tree is uninjured. 

Q. Why is there little or no hoar-frost 
under SHHUiis and shadowy trees ? 

A. 1st—Because the leafy top arresls 
the process of radiation from the earth : 
and 

2ndly—Shrubs and trees radiate a 
Utile heat towards the earth ; and, there¬ 
fore, the ground heneath is never cold 
enough^ to congeal the little dew which 
rests upon it. 

Q. What is the cause of that hoak-frost, 
which arises from frozen p"Og? 

A. The thick fog, which invested the 
earth during the night, (being condensed 
by the cold frost of early morning) is 
congealed upon every object with which 
it comes in contact. 
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CHAPTER XVII. 


5._C0NVECTI0N. 

Q. What is meant hy the convection of heat ? 

A. Heat communicated by being 
carried to another thing or place; as 
the hot water resting on the bottom of a 
kettle, carries heat to the water tlirougli 
which it ascends, fsee p, 252). 

Q. Are liquids good conductors of heat ? 

A. No; liquids are bad conductors; 
and are, therefore, made hot by con¬ 
vection. 

Q. Why are liquids bad conductors of 
heat P 

A. Because lieat converts a liquid 
into steam ; and flies off with the vapour, 
instead of being conducted through the 
liquid. 

Q. E.'vplaiii how water is made hot } 

A. The water nearest thejire is first 
heated, and (being heated) rises to the 
top ; other cold water succeeding is also 
heated, and rises in turn; and this 
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interchange keeps going on, till all the 
water boils. 

Q. TtHiu is WATER in such continual fer¬ 
ment, when it is boiling? 

A. This commotion is mainly pro¬ 
duced by the ascending and descending 
currents of hot and cold water. 

Tlie escape of stram from the water contributes also to 
merease this agitation. • 

Q. How do these two currents pass each 
other ? 

A. The hot ascending current gene¬ 
rally passes close by the metal sides of the 
kettle j while the cold descending current 
passes down the centre. 

For other questions upon the subject of boiling water, see 
from page llo to 

Q. Why is HEAT applied to the bottom, and 
not to the top of a kettle? 

A. Because the heated water always 
ascends to the surface^ heating the 
water through which it passes: if, there¬ 
fore, heat were applied to the top of a 
vessel, the water below the surface would 
never be heated. 

Q. As the lower part of a grate is made 
iiED-HOT hy the fire above, uhy xcoidd not the 
WATER boil, if fire were applied to the top i’ 
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A. The iron of a grate is an excellent 
conductor; if, therefore, one part be 
heated, the heat is conducted to every 
other part: but water is a very bad con¬ 
ductor, and will not diffuse heat in a 
similar way. 

Q. How do you know that water is a bad 
CONDUCTOR of heat ? 

A. When a" blacksmith immerses 
his red-hot iron in a tank of water, the 
water which surrounds the red-hot iron 
is made boiling hot, but the water below 
the surface remains quite cold. 

Q. If you wish to cool liquids, where should 

the cold he apjdied ? 

A- To the top of the liquid; because 
the cold portion will always descend, and 
allow the warmer parts to come in 
contact with the cooling substance. 

Q, Does BOILING water get hotter by being 
KEPT on the FIRE P 

A. No; not if the steam be suffered 
to escape. 

Q. Why does not boiling water get HorrER, 
if the steam be suffered to escape ? 

A. Because the rvater is converted 
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into steam as fast as it boils; and the 
steam carries away the additional heat. 

Q. h STEAM risible or iNVisir*i.E ? 

A. Steam is invisihle; but when it 
comes in contact with the air (being 
condensed into small drops) it instantly 
becomes visible. 

Q. How do you know^ that steam is invisi¬ 
ble ‘ 

A. If you "look at the spout of a 
boiling kettle, you will find that the 
steam (which issues from the spout) is 
always invisible for about half an inch; 
after which, it becomes visible, 

Q. Wux is the steam invisible for only 
HALF AN INCH, and not either all invisible or all 

VISJBI.E ? 

A. The air is not able to condense 
the steam as it first issues from the 
spout; but when it t^preads and comes in 
contact with a larger volume of air, the 
invisible steam is readily condensed into 
visible drops. 

Q. ^^hy do STEAM-ENGINES Sometimes bubst ? 

A. Steam is very elastic; and this 
elasticity increases in a greater propor- 
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tion, than the heat which produces it; 
unless, therefore, some vent be freely 
allowed, the steam will burst the vessel 
which confined it. 

Q. Is AIR a good conductor ? 

A. No: air is a very had conductor ; 
and is heated (like water) by convectionn 

Q. How is a ROOM warmed hg a sTt)VE ? 

A. The air nearest the fire is made 
hot first, and rises; as cold air descends, 
it is heated, and ascends in like manner; 
and this goes on, till all the air of the 
room is warmed, ('see p. 54 J 

Q. Whg are fires placed on the fi.ook of a 
rootriy and not towards the ceiling ? 

A. As heated air always ascends, if 
the fire were not near the floor, the 
air of the lower part of the room would 
never be heated by the fire at all. 

Q. If you take a poker out of the fire, and 
hold the HOT end downwards, why is the handle 
so intenself HOT } 

A. Because the hot end of the poker 
heats the air around it, and this hot air 
(in its ascent) scorches the poker, and the 
hand which holds it. 
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Q. Hov' .should a bed-hot poked be carried, 
so as not to burn our fin (jers? 

A. With the hot end upwards; 
for then the air (heated by the poker) 
would not pass over our hand and 
scorch it. 



PART IL 


AIR. 


CHAPTER XVIII. 


Q. Of irjiat is atmospheric air composed ? 

A. Principally of two gases, oxygen 
and nitrogen; mixed together in the 
following proportion: viz. 1 part of 
oxygen, to 4 pnrts of nitrogen. 

Q. What do you mean hy a gas? 

A. A body whose particles are sev¬ 
ered from each other so far, that they 
can move about freely among each other. 

Q. Why is gas invisible ? 

A. Because its particles are too 
small to be visible separately ; and too 
far asunder to be seen collectively; as, 
therefore, we see between these minute 
particles, the gas is transparent. 
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Q, What is the difference between a gas and 
a LIQUID ? 

A. Gases are elastic^ but liquids are 
not, 

Q. Illustrate what is meant by the elas¬ 
ticity of GAS.’’ 

A. If from a vessel full of gas half 
were taken out—the other half would 
immediately spread iteelf out, and fill 
the same spac5 as was occupied by the 
whole, 

Q. How do you know that a liquid is not 
ELASTIC ? 

A. If from a gallon of water you take 
half, the remaining 4 pints will take up 
only half the room, that the whole gallon 
previously did: A liquid, therefore, is 
not elastic, like gas, 

Q. What are the uses of the oxygen of the 
air ? 

A, It supports combustion, and sus^ 
tains life. 

Q. llhat is meant, when it is said, that the 
OXYGEN of the air “supports combustion?” 

A. It means this; that it is the 
oxygen of the air, which makes fuel hum, 

Y 3 
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Q. How dors the oxygen of the air make 

FUEL BURN ? 

A. The fuel is decomposed (by heat) 
into hydrogen and carbon; and these 
elements combininty with the oxygen of 
the air, produce combustion. 

(^. TT hat GAS in jjrodiiccJ hy the combination 
of carbon and uxyffen ? 

A. Carbonic* acid gas. (see p. 
39). 

Q. What becomes of the hydrogen rf the 

FUEL ? 

A. The hydrogen of the fuel combines 
with the oxygen of the air, and forms 
WATERS VAPOUR; but the Combination 
is attended by the production of flame, 
owing to tlie very inflammable nature of 
hydrogen gas. 

Q. What becomes of the nitrogen of the air, 
amidst all these changes and combinaiioiis P 

A. The nitrogen escapes unchanged, 
to be again mixed with oxygen, and 
converted into common air. 

Q. What is meant, when it is said, that 
OXYGEN “SUSTAINS LIFE ?” 

A. It means this : if a person could 
not inhale oxygen, he would die. 
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Q. What GOOD does this insjdutfioif of 
OXYGEN do ? 

A. 1st—It gives vilalily to the 

blood: and 

2nclly—It is the cause of animal heat, 

Q. Hon' is EOOD convei'ted into itLOOD? 

A. After it is swallowed, it is dis¬ 
solved in tlie stomach into a grey pulp, 
called CHYME ; it then passes into the 
intestines, and is converted by the “bile” 
into a milky substance, called chyt^e. 

Cliyme pronounce kyme—cljyle pronounce kyJe —both us 
one syllable. 

Q. What BECOMES nf the milky substance^ 
called CHYLE ? 

A. It is absorbed by the vessels 
called lad teals,'" and poured into the 
veins on the left side of the neck, 

Q. What hcromcs of the chyle afteu it is 
POURED info the veins ? 

A. It then mingles with the blood, 
into which it is converted, 

Q. How docs the oxygen we inhale mingle 
ivith the BLOoq? 

A. The oxygen of the air mingles 
with the blood in (he Innys, and converts 
it into a bright red colour. 
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Q. What colour is the blood before it is 
oxydhal in the lungs ? 

A. A dark purple. The oxygen 
turns it to a bright red. 

Oxydized, i. c. imi)re"nated with oxygen. 

Q. Why arc t-ersons so pale, who live in 

CLOSE ROOMS and CITIES ? 

A. Because the blood derives its 
redness from tlit3 oxygen of the air 
inhaled; but, as the air*^in close rooms 
and cities is not fresh, it is deficient in 
oxygen, and cannot turn the blood to a 
beautiful bright red. 

Q. Why are persons, who live in the open 
AIR and in the country, of a ruply complexion ? 

A. As the blood derives its bright 
red colour from the oxygen of the air 
inhaled, therefore, country-people (who 
inhale fresh airj are more ruddy than 
citizens. 

Q. Why is not the air in cities so fresh, 
as that in the country ? 

A. Because it is impregnated with 
the Ireath of its numerous mlidbitantSy 
the odour of its sewers, the smoke of 
\i^ fires, and many other impurities. 
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Q. How does oxygex concert the colour of 
hhod into a bright red ? 

A. The colouring matter of the hloocl 
is formed by very minute globules floating 
in it; the oxygen (uniting with the coats 
of these globules) makes them milky ^— 
and the dark colouring matter of the 
blood (seen through this milky coatj 
appears of a bright red. * 

Exp: If yon put soma dark venous blood into a mUky 
glass, and Jiold it up towards the light, it will appear of a 
briyht Jlorid colour, like arterial blood. 

Q. How docs the combination of oxygen 
with the 2n'odiice animal heat? 

A. The principal element of the 
blood is carbon, which (combining with 
the oxygen of the air inhaled) produces 
carbonic acid gas, in the same w'ay as 
burning fuel, fsee p. 89). 

Q. What becomes of the nitrogen of the 
air, after the oxygen enters the blood P 

A. The nitrogen is exhaled un¬ 
changed, to be again mixed with oxygen, 
and converted into common air. 

Q. Why does the vitiated air (after the 
oorygen has been absorbedJ come out of the mouth. 
and not sink into the stomach / 
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A, Because a mechanical provision 
is made in the upper part of the wind¬ 
pipe and gullet for this purpose. 

N.B. The lungs are a hollow spunyy masst, capable of 
confining air, and of being dilated by it. They are so 
situated in the thorax (or chest), that the airmws^ enter 
into them, whenever the cavities of the thorax are enlarged. 
The process of breathing is performed thus; When we 
TVMALE, the thorax (or chest) is expanded ; in consequence 
of which, a I'nuiuni is formed round the lunysy and heavy 
external air instantly ent«“rs (through the mouth and throat) 
to supply this vacuum. ,, 

When we exfiai.e, the thorax contracts again; in conse¬ 
quence of which, it can no longer contain the same quantity 
of air as it did before, and some of it is necessarily expelled. 
When this exjiulsion t»f air takes place, the lungs and 
muscular Jihres of tJie wind pipe and gullet contracty in order 
to assist the process. 

Q. If fboth in combustion and respirationJ 
the oxYGKN of the air is consumed, and the 
NITROGEN REJECTED —IVhy are not the rnOPOR- 
TroNS of the air destroyed P 

A. Because tlie under surface of 
vegetable leaves (during the day) gives out 
oxygeuy and thus restores to the air the 
very element of which it has been deprived. 

Q. Whence do leaves obtain the oxygen^ 
which they exhale ? 

A. From the carbonic acid, absorbed 
by the roots from the soil, and carried 
to leaves by the rising sap. 

N.B. Carbonic acid (it must beremembrred) is acompomid 
of carbon and oxygen. 
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Q. How do plantH contrive to ahsorh carbonic 
acid from the soil ? 

A. Being dissoh ed in water it rises 
(by capillary attraction) through the small 
fibrous roots. 

Q. IVhence does the soil i htain carbonic acid / 

A. 1st—From the air; from which 

it is driven by falling showers : 

2ndly—From the decomposition of 
vegetable and lanimal matters, which 
always produces this gas in abundance : 
and 

3rdly—All lime-stone, chalk, and 
calcareous stones, contain vast quantities 
of carbonic acid in a solid state. 

Calciireoud i. c. of a limy nature. 

Q. If leaves throw off the oxygen of the 
carbonic acid, what becomes of the carbon ? 

A. It is retained, to give firmness and 
solidity to the plant itself. 

Q. Show how God has made animal life 
dependent on that of vegetables ? 

A. Aninials require oxygen to keep 
them alive, and draw it from the air by 
inspiration : The under surface of leaves 
(jives out oxygen; and thus supplies the. 
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air with the very gas required for the 
use of animals. 

Q. SJioiv how God has made vegetable life 
dependent on that of animals? 

A. Plants require cr/?*6o7i/'cac/d, which 
is their principal Jood ; and all animals 
exhale the same gas from their lungs. 
Thus plants supply animals with oxygen^ 
and animals supply plants with carbonic 
acid. 

Q. How is AIK HEATED? 

A. By ‘‘ convective currents.’' 

Q. EiVptain what are meant bij “ convective 

CUKRENTS.’’ 

A. When a portion of air is heated, 
it rises vprvard in a current^ carrying the 
heat with it: other colder air succeeds, 
and (being heated in a similar way) 
ascends also : These are called convec¬ 
tive currents.” 

(‘•Convective currents;” so called from the Latin words, 
cum v’ectus {carried ivitfi); because the heal is “carried 
with” the current.) 

Q. Is AIR HEATED by the KAYS of the SUN ? 

A. No; air is not heated (in any 
sensible degree) by the action of the 
suns passing through it. 
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Q. Why then is the air hottbr on a svsmr 
BAY, than on a cloubt one ? 

A. On a fine day, the sun heats the 
surface of the earthy and the air (iestin<>* 
on the earth) is heated by contact: as 
soon as it is heated, it ascends; and other 
air succeeding, is heated in a similar tray^ 
till all is heated by convection. 

Q. If xiiR he a bad conductor, why do<^^ hoi 
IRON get COLD, hy%eing exposed to the air? 

A. A piece of hot iron (exposed to 
the air), is made cold—1st—By “ convec¬ 
tion f and 2ndly—By radiation.” 

Q. How is hot iron (exposed to the air / hiadj 

cold hy CONVECTION ? 

A. The air resting on the hot iron 
(being intensely heated), rapidly ascends 
with the heat it has absorbed 3 colder air 
succeeding, absorbs more heat, and as- ^ 
cends also j and this process is repeated, 
till the hot iron is cooled completely dowue 

Q. How is hot iron cooled hy radiation ? 

A. Wl\ile the heat of the iron is 
being carried off by “ convection,” it 
throws off heat (on all sides) by radiation 
also. 

z 
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Q. What is meant by kadiation ? 

A. Heat emitted (in all directions) 
from any surface, by innumerable rays. 

Q Why is BROTH cooled by heiny left 
exposed to the air ? 

A. Hot broth throws off some heat 
by radiation; but it is mainly cooled 
down by convection, 

Q How is hot BROTH cooled down by con 

YECTION ? 

A. The air resting on the hot broth 
(being* heated) ascends; colder air suc¬ 
ceeding, absorbs more heat^ and ascends 
also; and this process is repeated, till 
the broth is made cool. 

Tlie particles on the surface of tlie broth sink as they are 
coulcil down, and warmer particles rise to the surface; 
which greatly assists the cooling process. 

Q. Why is hot tea and broth cooled 
faster, for heiny stirred about? 

A. 1st—Because the agitation assists 
in bringing its hottest particles to the 
surface: 

2 ndly—The action of stirring agitates 
the air, and brings it more quicklg to the 
broth or tea: and 

3rdly—As the hottest particles are 
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more rapidly brought into contact with 
the air, therefore convection is more rapid. 

Blowing tea or broth cools it also, {sec p. 180). 

Q. If a shutter be closed in the day-tinie, the. 
stream of light ('piercing through the crevice) seems 
in CONSTANT AGITATION. WhY is this P 

A. Because little motes and particles 
oj dust (thrown into, agitation by the 
violence of thg convective currentsJ are 
made visible by the strong beam of light, 
thrown into tlie room through the crevice 
of the shutter. 

Q. Why is the G4LLEEY of a church or 
theatre hotter, than the aisle or pit P 

A. Because the hot air ascends from 
the bottom to the top of the building; and 
cold air (from the doors and windows) 
flows to the hottoniy to supply its place. 

Q. Why do persons, 'who ascend in balloons, 
feel intense pain in their eyes and cars P 

A. Because the air of the upper 
regions is more rarefedy than the air on 
the earth; «.nd the air inside their bodies 
(seeking to become of the same rarity) 
bursts through their eyes and ears, pro¬ 
ducing an intense pain. 

z 2 
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Q. iVhy « it often painful, and difficult to 
BHEATHF, Oil a MOUNTAIN tOp ? 

A. Because the pressure of air on 
the mountain-top is not so great, as on the 
plain; and the air inside our bodies 
(seeking to become of the same rarity) 
bursts through the pores of the body, and 
produces great pain, 

Q. rr7<y do ive feel c)PPBES^sED7«s^ pbeviour 

to a storm ? '1 

Because the air is greatly rarefvd 
by heal and vapour ; and the air inside us 
(seeking to become of the same rarity) 
produces an oppressive and sufFocating 
feeling. " ^ 

Q. Why do divers suffer yreat pain in their 
eyes and ears under water ? 

A. Because the air at the bottom of 
the sea is more dense, than the air on the 
surface; and, (till the air inside the 
diver’s body is settled into the same 
density,) he feels oppressed with pain, 
especially in the ears. 

. .Q. Why is this pain felt especially about the 

EARS of a DIVER? 

V _ 

A. The ear is fitted with a small 
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membrane, called the drum (or tympa¬ 
num), through which the dense air 
bursts; and the rupture very often 
duces incurable deafness, 

Q. l\ hy do our corns ache jmt ju'cvious to 

RAIN P 

A. Because our feet swell from the 
sudden depression in the density of air; 
and the hard corn being elasticJ is 
painfully stretcTied and pressed. 

(Some of this pain is due to electririly.) 

Q. How do you I'Tiow that the density of the 
air is lowered, previous to a storm P 

A. Because the mercury of a barome¬ 
ter rapidly falls. 

Q. Why do CELiiAKs feel warm in w’Intek? 

A. Because the external air has not 
free access into them; in consequence of 
which, they remain almost at an even 
temperature, —which (in winter time) is 
about 10 degrees warmer, than the 
external air. 

Q. Why do CELLARS feel cold in summer 
time ? 

A. Because the external air has not 
free access into them ; in consequence of 

z 3 
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which, they remain almost at an even 
temperature, — which (in summertime) is 
about 10 degrees colder, tlian the 
external air. 

Q. Why does air rust iron ? 

A. Because the oxygen of the air 
combines with the surface of the iron, 
and produces oxide of iron; which is 
generally called ‘M’ust.” ^ 

Q. Why does hot iron scale and peel off^ 
u'hen struck with a hammer ? 

A. Because the oxygen of the air 
very readily unites with the surface of the 
hot iron, and forms a metallic oxide (or 
rust j, which scales off, when struck with 
a hammer. 

Q. Does iron rust in dry air ? 

A. No; iron undergoes no change 
in dry air. 

Q. IVhy do stoves and fire-irons become 
RUSTY in rooms, which are not occupied ? 

A. Because the air is damp; and 
moist air oxidizes iron and steel. 

Oxidizes, i. e. rusts. 

Q. In what part of the year is it most difficult 
to keep STOVES and fire-irons bright ? 

A. In autumn and winter. 
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Q. Whj is it more difficult to keej) stoves 
and FIRE-IRONS hriffht in autumn and winter, 
than in sprintj and summer ? 

A. Because the capacity of the air 
for holding water is constantly on the 
decrease, after the summer is over; in 
consequence of which, vapour is deposited 
on everythinff with which the air comes 

m/ O 

in contact. • 

Q. Why dafis greasing iron i^reeent its 
hecommy rusty ? 

A. Because grease prevents the 
humidity of air from coming in contact 
with the surjace of the iron, 

Q. Why do not stoves mst^ so frequently as 
POKKRS and tongs ? 

A. Because stoves are generally 
covered rvith plumbago, or black lead. 

Q. What is plumhayo, or black lead P 

A. A mixture of charcoal and iron. 

Plumbago, (strictly speaking), is a chemical union of 
carbon and iron, in die following proportions:—91 parts 
carbon, and 0 iron. But the black lead sold in shops 
is a mixture of charcoal and iron filings. 

N. B. A mos^ excellent varnish to prevent rust is made 
of I pint of fat oil varnish, mixed with 5 pints of highly 
rectified spirits of turpentine, rubbed on the iron or steel 
with a piece of sponge. This varnish may be applied to 
bright stoves, and even mathematical instruments, without 
injuring their delicate polish. 
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Q. R /ly does ornamental steel fof a purple 
nr LILAC colonrj rust more readily^ than polished 
WHITE steel P 

A. Because the lilac tinge is pro¬ 
duced by partial oxidation; and the 
process which forms rust, has, therefore, 
already commenced. 

Q. How can lilac steel he kept free from 
RUST ? ' 

A. By keeping it in a very dry 
place; for then no additional oxygen 
will come in contact with it, to increase 
the amount of rust. 

Q. If DRY AIR contains oxygen, why does it 
NOT RUST IRON, as well as MOIST air P 

A. Because it is the 7vater in the air, 
which is decomposed by the contact with 
iron: For iron has a much stronger 
tendency to unite with the oxygen of 
fvater, than with the oxygen of dry air, 

Q. Do any other metals (besides iron) 
combine rapidly with oa^ygen ? 

A. Yes; copper, lead, mercury, and 
even silver to some extent. 

Q. Why does copper tarnish ? 

A. The tarnish of copper is caused 
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by its oxidation: that is, the oxygen of 
the air combines with the surface of the 
copper, and (instead of rusting iij, covers 
it with a dark tarnish, 

Q. Why does lead become of a dakker hue. 
by heinfj exposed to the air? 

A. Because the vapour of the air 
combines with the lead, and oxidizes its 
surface ; but instead of becoming rusty^ 
the surface assumes a darker hue, 

Q. IVhy does lead lose its brightness, and 
become dull, hy being exposed to the air ? 

A. The dullness of the lead is caused 
by the presence of a carbonate of the 
oxide; When the oxide is formed, it 
attracts carbonic acid from the air, and 
(combining with it) produces a carbonate, 
which gives the dull tint to old lead. 

Q. Why is it difficult to heep silver bright ? 

A. Because the vapour of the air 
oxidizes its surface, and tarnishes it. 

Q Why do silver tea-pots and spoons 
tarnish more quickly, than silver ore or bullion ? 

A. Because alloy (of some baser 
metal) is used, to make them more hard 
and lasting ; and this alloy oxidizes more 
quickly, than silver itself. 
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Q. Why does German silver turn a dhipy 
yellow in a few hours? 

A. Because German silver has a great 
affinity for oxygen; and shows its 
oxidation by a sickly yellow tarnishy 
instead of rust. 

Q. If quicksilver (or mercury) is tarnished^ 
like copper and lead^—why does it preserve its 
BBIELIANCy in BAR01?iETEUS and THERMOMETERS? 

A. Because air is excluded from it, 
and no moisture comes in contact with 
it, to oxidize (or tarnishJ it. 

Q. Is GOLD affected by the atmosphere ? 

A. Not readily: gold will never 
combine with oxygen of itself, (i. e. 
without aid). 

Q. Whtoit of the metals is capable of 
resisting oxidation altogether ? 

A. Plafinum; in consequence of 
which, the graduated arcs of delicate 
instruments-for-observation” are made 
of platinum, instead of any other metal. 

Q. Why is plat'inum used for the graduated 
arcs of delicate mathematical instriime^its, instead of 
any othej metal f 

A. Because it will never oxidize; but 
retain its bright surface in all weathers, 
free from both rust ai\d tarnish. 
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Q. Before platHniim was disco re red, which of 

the metals was employed for the same purpose ? 

A. Gold. 

Platinum, (a white metul), so calleil from “plata,” the 
Spanish word for siloer. It was introduced from South 
America into England by Mr. Wood, (A. D. 1749). 

Q. For what other scientific purposes is 
plat'inum now used ? 

A. For crucibles in which acids are 
employed; and for galvanic batteries. 

Q. Why are Idrucibles (in which acids are 
employedJ made of plat'inum? 

A. Because the acid would act upon 
other rnetals, or upon glass ; and prevent 
the experimenter’s success. 

Q. Which of the metals have the greatest 
aj/inityfor oxygen? 

A. Those called potassium and 
scfdium. 

Potas'sium and so'dium derive their names from potash 
and soda. Potas'sa is the oxide of potas'sium; and soda 
is the oxide of su'dium. 

Q. How is the affinity of potassium and 
soUlium for owygen shewn ? 

A. They decompose water immediately 
they are brought into contact with it. 

Q. What EFFECT hm potas'sium on water? 

A. It catches fire the moment it is 
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tlirown into water, and burns with a 
vivid flame,—which is still further 
increased by the combustion of hydrogen, 
separated from the water. 

(N. B. Water is composed of oxygen and hydrogen; and 
potas^bium separates the two gases.) 

Q. Wkat effect has so^dium on wateh ? 

A. It does not take fire, as potassium 
does ; but undergoes very rapid oxidation. 

Q. Is the FUKR q/KETTLES an oxide '? 

A. No; the furr (or deposit of 
boiling water) is a precipitate of Him 
and mineral salt, separated from the 
water by the process of boiling. 

Q. Is not this furr of boiling water often 

DANGEROUS P 

A. Yes; especially in tuAu/ar 6ot7er«, 
such as those employed in railways. 

Q. fVhg is this furr especially troublesome 
in railway engines ? 

A. Because it is a bad conductor of 
heat; in consequence of which, it 
hinders the evaporating effect of the 
fire, and p^vents the economy of fuel. 

Q furr es2)erially dangerous 

in R^t^WAY engines? 
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A. Because, when it is deposited in 
the boilers, they are likely to become 
over^Jieated; and then explosion will 
take place, from the sudden generation 
of highly elastic steam. 

Q. Why cannot railway engines he fed with 
BRACKISH WATER? 

A. Because hvack\sh water contains 
mineral salt; which makes a much 
larger deposit of furr, than water which 
contains only vegetable matters. 


CHAPTER XIX. 


CARBONIC ACID GAS. 


Q. What is carbonic acid gas 7 
A. A gas formed by the union of 
carbon and oxygen: It used to be called 
FIXED AIR.*' 

3 lbs. of carbon and 8 lbs. of oxygen will form 11 lbs. of 
carbonic acid. 

Q Under what circumstances does carbon' 
most readily unite with oxygen ? 


A a 
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A. 1st—When its temperature is 
liaised: Thus if carbon be red hot, 
oxygen will most readily unite with it: and 

2ndly—When it forms part of the fluid 
blood. 

Q. Why do oxyaen and carbon so readily 
unite in the blood ? 

A. Because the atoms of carbon are 
so loosely attracted by the other materials 
of the blood, that they unite very readily 
with the oxygen of the air inhaled. 

Q. Is carbonic acid wholesome ? 

A. No; it is fatal to animal lije; 
and (whenever it is inhaled) acts like a 
narcotic poison,—producing drowsiness, 
which sometimes ends in death. 

Q. How can any one know, if a place he 
infested with carbonic acid gas ? 

A. If a pit or well contain carbonic 
acid, a candle (let down into it) will be 
instantly extinguished. The rule, there¬ 
fore, is this—Where a candle mill bum, 
a man can live; but what will extinguish 
a candle, will also destroy life. 

Q. Why does a minek lower a candle into 
a mine, before he descends P 



CROWDED ROOMS. 


267 


A. Because the candle will be extin- 
guished, if the mine contains carbonic 
acid gas: but if the candle is not extin- 
guishedy the mine is safe, and the man 
may fearlessly descend. 

Q. Why does n crowded room 

HEAD-ACIIE ? 

• A. Because we breathe air vitiated 
by the crowd. „ 

Q. Why is the air of a room vitiated by a 

CROWD ? 

A. Because it is deprived of its due 
proportion of oxygen^ and laden with 
carbonic acid and nitrogen. 

Q. How is the ait- of a room affected thus by 
a crowd ? 

A. The elements of the air (inhaled 
by the breath) are separated in the 
lungs; —the oxygen is converted in the 
blood into carbonic acid; and the car¬ 
bonic acid (together with the nitrogen) is 
then thrown olBT by the breath into 
the room. • 

Q. Is ALL the XITROOEN REJECTED by the 

hnifjs P 

A. Yes; all the nitrogen of the air 
is always exjnred- A a 2 
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Q. Why is a crowded boom unwhole¬ 
some? 

A. Because the oxygen of the air 
is absorbed by the lungs; and carbonic 
acid gas (which is a noxious poison) is 
substituted for it. 

Q. Mention the historical circumstances, so 
well known in connexion with the “ Biack Hole 
of Calcutta.” 

A. In the reign of George II, the 
Raja (or Prince) of Bengal* marched 
suddenly to Calcutta, to drive the 
English from the country; as the attack 
was unexpected, the English were 
obliged to submit, and 146 persons 
were taken prisoners. 

Q. What became of these prisoners P 

A. They were driven into a place 
about 18 feet square, and 15 or 16 feet 
in height, with only two small grated 
windows. 123 of the prisoners died in 
one night; and (of the 23 who survived) 
the larger portion died of putrid fevers, 
after they were liberated. 

♦ The Sur Raja, at Dowlat; a young man of violent 
passions, who had but just succeeded to the throne. A. D. 
1756. 
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Q. Why were 123 persons suffocated in a 
few hours, from confinevunt in this close hot prison- 
hole ? 

A. Because the oxygen of the air 
was soon consumed by so many lungs, 
and its place supplied by carbonic acid 
exhaled by the hot breath. 

Q. Why did the captives in the black hole 

die SLEEPING ? 

A. 1st—Because the absence of 
oxygen quickly affects the vital functions, 
depresses the nervous energies, and 
produces a lassitude which ends in death : 
and 

2ndly—The carbonic acid gas (being 
a narcotic poison) produces drowsiness 
and deathy in those who inhale it. 

Q. Why are the jungles of Java and 
Hindostan so fatal to life P ^ 

A. Because vast quantities of c«r- 
bonic acid are thrown oflF by decaying 
vegetables; and (as the wind cannot 
penetrate the thick brushwood to blow 
it away) it settles there, and destroys 
animal life. 


A a 3 
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Q. Why do persons in a C7'owded church 
feel DROWSY ? 

A. 1st—Because the crowded con¬ 
gregation inhale a large portion of the 
oxygen of the air, which alone can sustain 
vitality and healthy action : and 

2ndly—The air of the church is 
impregnated with carbonic acid gas, 
which (being a strong narcotic) produces 
drowsiness in those who inhale it. 

Q. Why do persons, who are much in the 
OPEN AIR, enjoy the best health ? 

A. Because the air they inhale is 
much more pure, 

Q. Why is country air more pure, than 
the air in cities ^ 

• A. 1st—Because there are fewer 
inhabitants to vitiate the air: 

2ndly—There are more trees to restore 
the equilibrium of the vitiated air: and 

3rdly — The free circulation of air 
keeps it pure and wholesome (in the 
same way as running streams are pure 
and wholesome, while stagnant waters 
are the contrary). 

...Q. Why does the scantiness of a count'ry 
population render the country air more pure ? 
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A. Because the fewer the inhabitants, 
the less carbonic acid will be exhaled; 
and thus country people inhale pure 
oxygen, instead of air impregnated with 
the narcotic poison, called carbonic acid 
gas. 

Q. Why do trees and flowers help to make 
country air avholesome ? ^ 

A. 1st—Because trees and flowers 
absorb the carbonic acid generated by the 
lungs of animals, putrid substances, and 
other noxious exhalations: and 

2ndly—Trees and flowers restore to 
the air the oxygen, which has been inhaled 
by man and other animals. 

Q. Why is the air oJ cities less wholeson^, 

than COUNTRY air P 

A. 1st—Because there are more 

inhabitants to vitiate the air: 

2ndly—The sewers, drains, bins, and 
filth of a city, very greatly vitiate the air: 

3rdly—The streets and alleys prevent 
a free circulation: and 

4thly—Besides all this, there are fewer 
trees to absorb the excess of carbonic 
acid gas, and restore the equilibrium. 
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Q. Why are persons, who live in close 
ROOMS and crowded cities, generally sickly ? 

A. Because the air they breathe is 
not pure, but is (in the 1st place) 
defective in oxygen; and (in the 2nd) 
impregnated with carbonic acid gas. 

Q. Where does the carbonic acid of close 
ROOMS and cities come from? 

A. From the l&ngs of the inhabitants, 
the sewers, drains, and odier like places, 
in which organic substances are under¬ 
going decomposition. 

Q. What BECOMES of the carbonic acid of 
crowded cities ? 

A. Some of it is absorbed by vegeta¬ 
bles, and the rest is blown away by the 
wind, and diflused through the whole 
volume of the air. 

Q. Does not this constant diffusion of carbonic 
acid affect the PURpT of the whole air ? 

A. No; because it is wafted by the 
wind from place to place, and absorbed 
in its passage by the vegetable world. 

Q. choke damp? 

A. ^Iparhonic acid gas accumulated at 
the bottom of wells and pits, which renders 
them noxious, and often fatal to life. 
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Q. Why is not this carbonic acid taken ttp 
by the air, and diffuskd, as it is in cities ? 

A. Because (being heavier than com¬ 
mon airj it cannot rise from the teell or 
pit; and no wind can get to it, to blow it 
away. 

Q. ll hy are persons sometimes kilied, by 
leaning over beer vats ? 

A. Vats (where beer has been made) 
contain a large quantity of carbonic acid 
gas, produced by the vinous ferment¬ 
ation ” of the beer; and when a man 
incautiously leans over a beer vat, and 
inhales the carbonic acid, he is imme¬ 
diately killed thereby. 

Q. Why are persons often killed, who 
enter beer vats to clean them P 

A. Carbonic acid (being heavier than 
atmospheric airJ often rests upon the 
bottom of a vat: when, therefore, a person 
enters the vat, and stoops to clean the 
bottom, he inhales the pernicious gas, 
which kills him. 

Q. Why are persons sometimes killed by 
having a charcoal fire in their bed-rooms P 

A. When charcoal is burned, the 
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carbon of the charcoal unites with the 
oxygen of the air^ and forms carbonic 
acid gaSy which is a narcotic poison. 

Q. IJ carbonic acid settles at the bottom of a 
rooniy lioxo can it injure a persoji lying a bed, 
raised considerably ahoce the floor P 

A. All gases diffuse themselves 
through each other, as a drop of ink would 
diffuse itself thi’ough a cjnp of water. If, 
therefore, a person slept for 6 or 8 hours 
in a I'oom containing carbonic acid, quite 
enough of the narcotic will have spread 
itself by this time to produce death. 

The heat of the fire assists this process of diffusion. 

Q. What are the chief sources of carbonic 

ACID ? 

A. 1.—The breath of animals. 2. 
—^The decomposition of vegetable and 
animal matter. 3.—Lime-stone, chalk, 
and all calcareous stones, in which it 
exists in a solid form. 

Q? From which of these sources is carbonic 
ACID rtost likely to accumulate to a noxiom extent ? 

A. From the fermentation and putre¬ 
faction of decaying vegetable and animal 
matters. 
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Q. How can this accumulation of car¬ 
bonic ACID he PREVENTED ? 

A. By throwing giiick-Ume into places, 
where such fermentation and putrefaction 
are going on. 

Q. How trill quicIc-'LiMB PREVENT the accu¬ 
mulation of CAERONIC acid ? 

A. Quick-lime will absorb the car¬ 
bonic acid; and produte a combination 
called carbonate of lime.” 

Q. Does not heavy rain prevent the accumu¬ 
lation of carbonic acid, as well as qnlck-lime ? 

A. Yes; an abundant supply of water 
will prevent the accumulation of carbonic 
acid, by dissolving it. 

Q. What effect has carbonic acid on the 
WATER, in which it is dissolved? 

A. It renders it slightly acid to the 
taste. 

Q. Can the capacity of water for dissolving 
carbonic acid he increased ? 

A. Yes. If water be condensed by 
pressurCy it will dissolve much more car¬ 
bonic acid, than it will otherwise. 

Q. To what practical uses hm this capacity 
of water (for dissolving carbonic acid) hem applied P 
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A. Effervescing dravghts are made 
upon this principle. 


Q. Eocplain the cause of ErPERVESCENCE in 
these heverufjes. 

A. The carbonic acid of the beverage 
(beingprevented by the corkfrom escaping) 
condenses the liquid by its pressure, and 
is absorbed by it: but when the cork or 
pressure is removed, (as the liquid can 
no longer retain the same quantity of 
carbonic acid,) some of it flies off in 
bubbles or effervescence. 

Q. Why does aerated water effervescey 
xcJi&n the cork is removed ? 


A. While the bottle remains corkedy 
the water (being condensed) absorbs the 
carbonic acid : but when the cork (or 
pressure) is removed, (as the liquid can 
no longer retain the same quantity of 
carbonic acid,) some of it flies off with 
effervescence. 

Q. Why does soda water effervesce ? 

A. Soda water contains^ 8 times its 
own bulk of carbonic acid gas, which 
makes its escape in effervescence, as 
soon as the cork is removed. 
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Q. Why does ginger pop jiy about in froth, 
when the sir in y of the cork is cut? 

A. All vinous fermentation produces 
carbonic acid gas. While the cork is 
fast, the water of the liquor absorbs the 
carbonic acid; but when the pressure is 
removed, the gas is given ofl’ in efferves- 
cence, 

Q, Why does bottled ale froth more, than 
DEAUGHT ale P 

A. Because the pressure is greater 
in a bottle, than in a tub which is 
perpetually tapped: and effervescence is 
always increased by pressure, 

Q. What p'oduces the eeoth of bottled 

PORTER ? 

A. Carbonic acid, set free by its 
vinous fermentation : This gas is absorbed 
by the liquor, so long as the bottle is well 
corked; but is given off in froth, as soon 
as the pressure of the cork is removed. 

Q. What gives the pleasant acid haste to soda 
water, ginger \eer, champagne, and cider P 

A, The presence of carbonic acid, 
generated by fermentation ; and liberated 
by effervescence, when the pressure of 
the cork is removed. B a 
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Q. Why does fresh spring water sparkle, 
when poured from one vessel to another ? 

A. Because fresh spring and pump 
water contain carbonic acid; and it is the 
presence of this gas, which makes the 
water sparkle. 

Q. fVhat is the fermentation of beer and 

WINE? 

A. The escdpe of carbonic acid, 
produced by the change of sugar into 
alcohol. 

Q. What is al'cohol ? 

A. The spirit of beer and wine, 
obtained by fermentation. 

Q. Of what ELEMENTS is al'cohol composed ? 

A. Of carbon, oxygen, and hydrogen. 

Of Al'cohol, 4 parts are caribou; 2 oxygen; and 6 
hydrogen. 

Q. What are the elements of grape sugar ? 

A. Carbon, oxygen, and hydrogen, 
all in equal proportions. 

Q. What CHANGES does sugar undergo by 
FERMENTATION ? 

A. It is first decomposed; and then 
its elements re-unite in different proper- 
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tions; producing al'cohol, carbonic acid, 
and mater. 

Of 8UGAB, one portion is alcohol; and another carbonic 
acid; as may be seen by the following table. 


Carb. Oxy. Hyd. 

Every atom of imhydrous sugar contains 12 12 22 


Two atoms of alcohol contain 

8 

4 

12 

Four atoms of carbonic acid contain 

% 

4 

8 

0 

«• 

12 

12 

12 


Unhydrous sugar is sugar dried at 300°. 

Q. How does sugab form al'cohol by fer¬ 
mentation ? 

A. Two-thirds of its carbon and one- 
third of its oxygen re-unite with the 
hydrogen, and generate al'cohol. 

Q. Haw does sugab foi'm cabbonic acid 
by fermentation ? 

A. The remaining one-third of its 
carbon and two-thirds of its oxygen 
re-unite, and generate carbonic acid. 

Q. What BECOMES of the al'cohol, which is 
thus generated by fermentation P 

A. It mixes with the water, and 
forms the intoxicating part of beer and 
wine. 


B a 2 
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Q. What becomes of the carbonic acid, which 
is generated by fermentation ? 

A. It makes its escape into the air, 

Q. Why is BARLEY MALTED ? 

A. Because germination is produced 
by the artificial heat; and in germination, 
the starch of the grain is converted into 
sugar, 

Q. How is barley malted P 

A. It is moistened with water^ and 
heaped up; by which means, great heat 
is produced, which makes the barley 
sprout, 

Q. Why is not the barley suffered to grow, 
as well as sprout? 

A. Plants in the germ contain more 
sugar, than in any other state ; as soon as 
the germ puis forth shoots, the sugar of 
the plant is consumed, to support the 
shoot. 

Q. How is BARLEY PR EVENTED/rOW SHOOT 
ING, in the process of malting ? 

A. It is put into a kiln, as soon as 
it sprouts; and the heat of the kiln 
checks or destroys the young shoot. 
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Q. is YEAST? 

A. The foam of beer, or of some 
similar liquor, in fermentation. 

Q. Why is yeast used in brewing ? 

A. Because it consists of a substance 
called glu'ten, undergoing change; and, 
therefore, possessing the peculiar property 
of exciting fermentation. 

If the glu'ten wew»not putrefying it could not produce 
fermentation. 


Q. Whnt is gin!ten ? 

A. A tough elastic substance com¬ 
posed of carbon, oxygen, hydrogen, and 
nitrogen. 

Q. Does MALT contain ghdt&n? 

A. Yes. The infusion of malt, called 

sweet-wort ” contains an abundance of 
glu'ten, the yeast (which converts its 
sugar into alcoholj converts this glu’ten 
into yeast. 


Q. Why is yeast needful, in order to make 
maU into beer ? 

A. Because the presence of a putre¬ 
fying body containing nitrogen is essential, 
in order to convert sugar into al'cohol. 


B a 3 
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Q. What EFi ECT has yeast upon the sweet- 

WOKT ? 

A. Tt causes its sugar to be con¬ 
verted into alcohol and carbonic acid; 
and its gluten into yeast. 

Q. What CHANGE is produced in gluten by 
PUTREFACTION ? 

A. Its elements are loosened from their 
former conditions of combination^ and 
re-arranged (with the addition of oxygen 
from the air) into a new series. 


Q. What is the difference between fer¬ 
mentation and PUTREFACTION ? 

A. Fermentation is a change 
effected in the elements of a body com¬ 
posed of carbon, oxygen, and hydrogen 
without nitrogen. Putrefaction is a 
change effected in the elements of a body 
composed of carbon, oxygen, hydrogen, 
and nitrogen. 


Q. What NEW COMPOUNDS are produced by 
the chanof* called fermentation ? 

A. Alcohol and carbonic acid. —The 
al'cohol is still further changed (unless 
the process be checked) into acdtic acid 
or vinegar. 
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Q. What new compounds are ptroduced by the 
change called tutkefaction ? 

A. The carbon, oxygen, hydrogen, 
and nitrogen, of the original substance 
(being separated by decomposition) re¬ 
unite in the following manner. 1. Carbon 
and oxygen unite to form carbonic acid, 
2. Oxygen and hydrogen unite to form 
water, 3. Hydrogen and nitrogen unite 
to form ammonia. 

Hartshorn is a solution of amniooia in water. 

N.B. When bodies containing sulphur and phosphorus 
putrefy, the sulphur and phosphorus unite with hydrogerit 
and form sulphuretted and phosphureited hydrogen gases. 

Q. What BECOMES of these several products 
of putrefaction ? 

A. They are all elastic bodies, and 
escape into the air, 

N. B. Water is elastic and gaseous when in the condition 
of vapour, 

Q. JVhat is the cause of the offensive smell, 
which issues from putrefying bodies? 

A. Tlie evolution of ammonia, or of 
sulphuretted and phosphuretted hydrogen 
gases; all ef wbich have pungent and 
offensive odours. 

Q. Why do boiled eggs discolour a silver 
SPOOK ? 
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A. Eggs contain a small portion of 
sulphur, which unites with the silver (for 
which it has a great affinityj, and 
tarnishes it. 

Both the white and yolk contain sulphur—the latter most 
abundantly. 

Q What causes the offensive smell of stale 
hard boiled eggs ? 

A. The hydrogen of the egg combin¬ 
ing with the sulphur and phosphorus, 
form sulphuretted and phosphuretted 
hydrogen^ both of which gases have an 
oflFensive odour. 

Of an egg 55 parts are carbon, 10 niti’ogen, 7 hydrogen, 
and the remaining 22 are oxygen, phosphorus, and sulphur. 

Q. Why is it not needful to put yeast into 
GRAPE in order to 2>roduce fermentation ? 

A. Because the grape juice contains 
(besides its sugar)^ a sufficient quantity 
of a nitrogenized substance (like yeast) 
capable of producing fermentation. 

Nitrogenized, i. e. containing nitrogen. 

Q. Why do not graphs ferment, while they 
hang on the vine ? 

A. Because the water of the juice 
evaporates through the skin, and allows 
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the grapes to shrivel and dry up, after 
they are ripe. 

Fermentation cannot occur unless the sugar be dissolved 
in a sufficient quantity of water. 

Q. What is the froth or scum of fermented 

LIQUORS ? 

A. Putrefying glutinous substances 
(of a nature similar to yeast), which rise 

to the surface from their lightness, 

♦ 

Q. IVhy is ^eeu flat, the cask be open 

too long ? 

A. Because too much of the carbonic 
acid gas (produced By fermentation) is 
sujfTered to escape. 

Q. Why are beer and porter inade stale 
by being exposed to the air ? 

A. Because too much of the carbonic 
acid gas (produced by fermentation) is 
suffered to escape. 

Q. Why does beer turn flat, if the vent 
PEG he left OUT of the tub ? 

A. Because the carbonic acid gas 
escapes through the vent hole. 

Q. Why will not beer run out of the tub, 
till the VENT PEG is taken out? 

A. Because the upward pressure of 
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the external air (admitted through the 
tapj holds the liquor back,—not being 
counterbalanced by any pressure of air on 
the surface of the liquid. 

The upward pressure of air is illustrated by the following 
simple experiment:—Fill a tv iue-glass with water; cover the 
top of the glass with a piece of writing paper; turn the glass 
upside down, and the water will not run out. The paper is 
used merely to give the air a medium sufficiently dense to 
act against. 

Q. Why doH^ the beer run freely, imme¬ 
diately the VENT PEG is taken out? 

A. As soon as the vent peg is taken 
out, air rushes through the vent hole at 
the top of the tuh^ to counterbalance the 
air admitted by the tap; in consequence 
of which, the liquid escapes by its own 
downward pressure. 

Q. Why does liquor fioiv reluctantly out of 
a BOTTLE held upside down ? 

A. Because the upward pressure of 
the air, prevents the liquor from flowing 
out. 

Q. Why shovld a lottle be held obliotelt, 
in ordef to,be emptied of its liquor ? ^ 

A. Because air will then flow into 
the bottle, and help the liquor out, by 
counter-balancing the upward pressure. 
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Q. Whi/ does ivine (poured from a bottle 
quickly) spirt about, without going into the 
decanter ? 

A. Because it fills the top of the 
decanter (like a corkj, and leaves no room 
for the air inside to escape ; the decanter, 
therefore, (being full of airj refuses to 
admit the wine. 

Q. Whxj does the effervescence of soda 
water and ginger Imnr so soon go off? 

A. Because the carbonic acid (which 
produced the effervescence) very rapidly 
escapes into the air. 

Q. Why is boiled water flat and insipid ? 

A. Because the whole of the carbonic 
acid is expelled by boiling, and escapes 
into the air. 

Q. Why docs YEAST 7nake bread light ? 

A. Because it produces a species of 
fermentation on the starch and gluten of 
flour, as it does in the sugar of malt. 

Q. How does fermentation make the 

DOUGH RISE 

A. During fermentation, carbonic 
acid gas is evolved; but the sticky 
texture of the dough will not allow it to 
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escape, so it forces up little bladders all 
over the dough. 

Q. Wluj is DOU&H placed befoiik the fire? 

A. 1st—Because the heat of the fire 

increases the fennenlation: and 

2ndly—It expands ilic ejasy which is 
confined in the little bladders; in con¬ 
sequence of which, the bladders are 
enlarged^ and the dough^becomes lighter 
and more porous. 

Q. Why is BREAD HEAVY, If the douyh be 
removed from the fine? 

A. Because the dough gets cold, and 
then the air in the bladders condenses — 
the paste falls,—and the bread becomes 
close and heavy. 

Q. Whence does the heat of fire arise? 

A. The carbon of fuel (when heated) 
combines with the oxygen of the air, and 
produces carbonic acid gas: Again, the 
hyd ogen of the fuel combining with other 
portions of oxygen, condenses into water ; 
by which chemical actions heat is evolved. 

Q. Whence does the heat of our own body 
a^se ? 
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A. The carbon of the blood com¬ 
bines with the oxygen of the air inhaled^ 
and produces carbonic acid gas; which 
evolves heat in a way similar to burning 
fuel. 

Whence does the heat of a dunghill 

arise ? 

A. As the straw, &c. of the dunghill 
decays, it undergoes fermentation, which 
produces carbonic acid gas; and heat is 
evolved by a species of combustion, (as 
in the two former cases). 

Q. How does the formation of carbonic acid 
(in all these cases) produce heat ? 

A. Carbonic acid has less power of 
holding latent heat, than carbon and 
oxygen have ; When, therefore, these ele¬ 
ments are changed into carbonic acid, 
latent heat is given off’, and made sensible. 

Q. Why do perso7is throw ltme into bins 
and SEWERS, to prevent their offensive smell, in 
summer time ? 

A. Because they contain large quan¬ 
tities of carbonic acid gas, which readily 
combines ivith lime, and produces “ car-- 
honate of lime,'' which is entirely free 
from all offensive odour. c a 
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Q. Why should water ( used for washing) be 
exposed to the air P 

A. Because it is made more soft by 
exposure to the air. 

Most spriDg water holds lime in solution as a bicarbonate , 
in roiisequenee of the prese.ice of abundant carbonic acid. 
Carbonic acid escapes by exposure to air—and the lime is, 
consequently, deposited as a carbonate. 

Q. JVhy is har^f water made more soft by 
exposure to air? 

A. 1st—Because it contains certain 
mineral sails, which cause its hardness ; 
and as soon as these salts subside, the 
water becomes more soft, 

2ndly—Hard water frequently holds 
lime in solution, in consequence of the 
presence of carbonic acid : This carbonic 
acid escapes by exposure to the air ; and 
the lime is deposited as a carbonate, 

Q, Why is hard water inore agreeable to 
DRINK, than soft water ? 

A. Chiefly because it contains car¬ 
bonic acid. 

Q. ^Why is water FRi^SB^fronvthe pump more 
SFARKiiiNG, than after it has been drawn some 
time ? ■ 

A. Because water fresh from the 
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pump contains carbonic acid, which soon 
escapes into the air, and leaves the water 
flat and stale. 

Q. Why is QUICK-LIME formed by hurnhiy 
chalk and marl in a kiln ? 

A. Because the carbonic acid (which 
rendered it mildj is driven off* by the 
heat of the kiln, and .the lime becomes 
quick or caustic. 

Q. What hi MOiiTAR ? 

A. Quick-lime mixed with sand and 
water. 

Q. Wherein does lime-stone differ in appear¬ 

ance from quick-lime P 

A. liiME-STONE is a hard rocky 
substance; but quick-lime a loose 
powder. 

Q. Why does mortar become hard, after a 
few days P 

A. Because the lime re-imbihes the 
carbonic acid of the air, which was 
expelled by fire; and the loose powder 
again becopaes as hard, as the original 
limestone. 

Q. Why is MORTAR adhesive P 

A. When the carbonic acid is expol- 

c a 2 
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led, the hard lime'Stone is converted into 
a loose powder, which (being mixed with 
sand and w'ater) becomes a sojl and 
sticky plaster ; but, as soon as it is placed 
between bricks, it imbibes carbonic acid 
again, and hardens into lime-stone. 


CHAPTER XX. 


CARBURETTED 
HYDROGEN GAS. 


Q. What is choke-damp 

A. Carbonic acid gas accumulated 
at the bottom of wells and pits. It is 
called CHOKE damp, because it chokes 
(or suffocates) every animal that attempts 
to inhale it. (See p. yee) 

It suffocates without getting into the lungs, by closing 
the outer orifice spasmodicalIg. 

Q. What is marsh-fjas or fire-damp ? 

A. Carburetted hydrogen gas accu¬ 
mulated on marshes, in stagnant waters. 
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and coal pits; it is frequently called 
“inflammable air.” 

Q. What is carburetted hydrogen gas ? 

A- Carhon combined with hydrogen, 

Q. Hove may carbuhetted hydrogen gas 
he PROCURED on marshes ? 

A. By stirring the mud at the bottom 
of any stagnant pool, iind collecting the 
gas (as it escap.QS upwards) in an inverted 
glass vessel. 

Q. What is coal gas ? 

A. Carhuretted hydrogen^ extracted 

from coals by the heat oijire. 

Q. Why is carhuretted hydrogen gas called 
riRE-DAMP, or in flammable air P 

A. Because it very readily catches 
fire and explodes^ when a liglit is 
introduced to it. 

Provided atmospheric air be present. 

Q. Why is carhuretted hydrogen gas frequently 

called MARSH gas ? 

A. Because it is generated in 
meadows and marshes from putrefying 
vegetable substances. 

See ignis fatuiis, p. SOT. 

c a 3 
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Q. What fja$ is evolved by the wick 0/ a 
bnrniny caxdle ? 

A. Carburetted hydrogen gas : The 
carbon and hydrogen of the tallow combine 
into a gas from the heat of the flame ; 
and this gas is called carburetted 
hydrogen^ or inflammable air. 

Q. Why do coal-mines so freyiicuily 

EXPLODE 

A. Because the carburetted hydrogen 
gas (which is generated in these mines 
by the coals) explodes, when a light is 
incautiously introduced. 

(}. JIow can miners see in the coal-pits^ if 
they may never introduce a light? 

A. Sir Humphrey Davy invented a 
lantern for the use of miners, called “ the 
Safety Lamp; ” which may be used 
without danger. 

Q. Who was Sir Humphrf.y Daw ? 

A. A very clever chemist, born in 
Cornwall, 1118, and died 1829. 

Q. What kind of thing is the safety lamp ? 

A. It is a kind of lantern, covered 
with a fine gauze mire, instead of glass 
or horn. 
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Q. How docs this fine gauze wiue prevent 
art EXPLOSION in the coal mine P 

A. It prevents the flame from commu¬ 
nicating with the inflammable gas of the 
mine. 

N. T?. The interstices of the gauze wire must not exceed 
the 7th of au inch in diameter. 

Q. W/ij/ trill nut flame pass through venj 

tine T/rc-GAT.zL? 

* » 

A. Because the metal wire is a very 
rapid conductor of heat; and when the 
flame of gas (burning in the lamp) reaches 
the wire gauze, so much heat is conducted 
anay hy the ivire^ that the flame is 
ext inquished. 

Q. Docs the t/aa uf the coal-pit through 
the wirc-(j(fiizc into the lantern 

A. Yes; and the inflammable gas 
ignites, and burns inside the lamp : As 
soon as this is the case, the miner is in 
danger, and should withdraw. 

Q. Wlnj is the miner in danger, if the tjas 
itpiites, and Imrns in the inside of the safety-hunp ? 

A. Because the heat of the burning 
gas will soon destroy the wire gauze, and 
then the flame (being free) will set fire 
to the mine. 
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PHOSPHURETTED 
HYDROGEN GAS. 


Q. From what does the .. very offensive 
EFFLUVIA o/CHURCH-YARDS arise? 

A. From a gas called phosphuret- 

TED HYDROGEN ; whicli is phosphovus 
combined with hydrogen gas. 

Q. What is phosphorus ? 

A. A pale amber-coloured substance, 
resembling wax in appearance. The 
word is derived from two Greek words, 
which mean to produce or corny light. 
((pii^g-0epeiv). 

Q. How is PHOSPHORUS OBTAINED ? 

A. By heating bones to a white 
heat; by which means, the animal 
matter and charcoal are consumed., and 
a substance called phosphate oj lime'' is 
left behind. 
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Q. ir/iai ^/iC PHOSPHATE OF lilME? 

A. Phosphorus united to oxygen and 
lime; when sulphuric acid is added, and the 
mixture heated, the lime is attracted to 
the acid, and pure phosphorus remains. 

If powdered charcoal be added, phosphorus may be pro¬ 
cured by distillatiou. 

Q. Of ivhat is the ignitible part of lucifer 
MATCHES made ? 

A. Of pliQi^phorus; and above 250 
thousand lbs. are used every year in 
London alone, merely for the manufac¬ 
ture of lucifer matches. 

Q. Why does a putrefyieo dead body 
SMELL so offensively 1 

A. Because phosphuretted hydrogen 
gas, always rises from putrefying animal 
substances. 

The escape of ammonia and sulphuretted hydrogen con¬ 
tributes also to this oilensive effluvia. 

Q. What is the cause of the ignis fatuus, 
JacJf o’ Lantern^ or Will o’ the Wisp P 

A. This luminous appearance (which 
haunts meadows, bogs, and marshes) 
arises from the gas of putrefying animal 
and vegetable substances; especially from 
decaying fish. 
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Q. What gases arise from these putrefying 
substances ? 

A. Phospliuretted hydrogen^ from 
putrefying animal substances : and 

Carburetted hydrogen^ from decaying 
vegetable (see/?. 293). 

Q. How is the gas of the ignis fatuus ignited 
on bogs and meadows P 

A. Impure phospliuretted hydrogen 
bursts spontaneously into flame, whenever 
it mixes with air or pure oxygen gas. 

If phosphorus is hoile*! ■with milk of lime, unci the hruk 
of the retort be i)lace«l under water, bubbles of phospliuretted 
hydrogen will rise siieecssively through the water, and (on 
reae.hing the surface) burst into flame. 

Q. Why docs 0)1 ignis fatuus, or Will o’ the 
Wisp, FLY from us when we run to meet it P 

A. When we run towards an ignis 
fatuus, we produce a current of air, 
which drives the light forwards, 

Q. Why does an ignis fatuus run after us, 
when we flee/ row it in fright? 

A. When we run away from the 
ignis fatuus, we produce a current in 
the way we run, which attracts the light 
inflammable gas in the same course. 

Q. Is not a kind of Jack o'Lantern sometimes 
produced by an insect ? 
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A. Yes; a swarm of luminous 
insects sometimes passes over a meadow, 
and produces an appearance exactly like 
that of the ignis fatuus. 1 

Q. Ma// not many ghost stories have risen 
from some ignis fatiins Inrldng about church-yards ? 

A. Perhaps all the ghost stories 
(which deserve any ci;edit at all) have 
arisen from the ignited gas of church¬ 
yards lurking about the tombs, to which 
fear has added its own creations. 


CHAPTER XXII. 


WIND. 


Q. What is wind ? 

A. Wind is air in motion. 

Q. What PUTS the air in motion^ so as to 
produce wind ? 

A, Tlie^ principal causes are the 
variations of heat and cold; produced by 
tile succession of day and night, and of 
the four seasons. 
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' . Q. What effect has beat ujion the air P 

A. Heat rarefies the air, and causes 
it to expand. 

Q. Hoiv do you know that heat causes the 
air to EXPAND ? 

A. If a bladder half full of air (tied 
tight round the neck), were laid before a 
fircy the air would expand by the heat, 
so as iofll the bladder. 

Q. What EFFECT is produced upon air by 

RAREFACTION ? 

A. It is made lighter, and ascends 
through colder strata; as a cork (put at the 
bottom of a basin of water) would rise to 
the surface. 

Q. • How do you know that rarefied air 

ASCENDS ? 

A. When a boy sets fire to the cotton 
or sponge of his balloon, the flame heats 
the air; which becomes so lighty that it 
ascends, and carries the balloon with it, 

Q. What effect is produced upon air by cold ? 

A. Air is condensed by cold, or 
squeezed into a smaller compass; in 
consequence of which, it becomes heavier, 
and descends towards the ground. 
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Q. How do yoa know that air is condsnsed 

by COLD ? 

A. After the bladder is fully infia-- 
ted^ (by lying before the fire,) if it be 
taken away from the fire, the bladder 
will collapse, and show that it is not half 
full. 

Q. What is meant by the bladder “ collap¬ 
sing 

A. The skin becoming wrinkled^ 
shrivelled, and flabby; because there is 
not sufficient air inside to fill it. 

Q. How do yon know that condensed air 

vdll DESCEND ? 

A. As soon as the spirit in the cotton 
is burnt out, the air inside the balloon 
becomes cold again, and the balloon 
fdls to the earth. 

Q. Does the sun heat the air, as it does the 

EARTH ? 

A. No ; the air is not heated by the 
rays of the sun; because air (like water) 
is a very bad conductor. 

Q. How is the air heated ^ 

A. By convection, thus:—The sun 
heats the earth, and the earth heats the 

D a 
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air resting upon it; the air thus heated 
rises, and is succeeded by other air, whicli 
is heated in a similar way; till all is 
warmed by “ convective currents.” 

Q. What is meant by “convective cvebents 

of air?" 

A. Streams of air, heated by the 
earth, which rise upwards and carry heat 
with them. ”* 

Q. Is the air in a room in perpetual motion, 
as the air abroad is P 

A. Yes; there are always <«;o currents 
of air in the room we occupy; one of hot 
air flowing out of the room, and another 
of cold air flowing into the room. 

Q. How do you know, that there are these 
two currents of air in every occupied room ? 

A. If I hold a lighted candle near 
the crevice at the top of the door, the 
flame will be blown outward (towards the 
hallj; but if I hold the candle at the 
bottom of the door, the flame will be 
blown inwards (into the room). 

N. B. This is not the case if a fire be in the room. 
Wlien a fire is lighted, an inward current is drawn through 
all crevices. 
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Q. Why ivould the flame he blown outwards 
(towards the hall), if a candle were held at the 
TOP of the door ? 

A. Because the air of the room being 
warmed by the lire, &c., ascends; and 
(floating about the upper part of the 
room) some of it escapes through the 
crevice at the top of the door^ producing 
a current of air outwards (^nto the hall), 

Q. Why would the flame be blown inwards 
(into the room), if the candle were held at the 
BOTTOM of the door? 

A. Because, (after the warm air of the 
room has ascended to the ceiling, or 
made its escape into the hall, &c.) a 
partial vacuum is made at the bottom of 
the room; and cold air from the l}all 
rushes under the doo7% to supply the void. 

Q. What is meant by a ^^jpartial vacuum 
beinij made, at the bottom of the room ? ” 

A. A vacuum means a place frorn 
which the air has been taken: and a 
partial vacuum’* means, a place from 
which a of the air has been taken 
away. Thus, when the air on the floor 
ascends to the ceiling, a partial vacuum is 
made on the floor, _ , 
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Q. And hoK is the vacuum filled up again ? 

A It is filled up by colder air, which 
rushes (under the door, and through the 
window crevices) into the room. 

Q. Give me an illustration ? 

A. If I dip a pail into a pond and 
fill it with water, a hole (or vacuum) is 
made in the pond »as hig as the pail ; but 
the moment I draw the pail out^ the hole 
is Jilled up by the water around. 

Q. Shotc how this illustration applies ? 

A. The heated air, which ascends from 
the bottom of a room, is as much taken 
away, as the water in the pail; and (as 
the void was instantly supplied by other 
water in the pondj so the void of air is 
supplied by the air around. 

Q. W hat is the cause of wind ? 

A. The sun heats the earthy and the 
earth heats the air resting upon it; as 
the warm air ascends, the void is filled 
up by a rush of cold air to the place; and 
this rush oj air we call wind, 

Q. Does the wind always blow? 

A. Yes; there is always some motion 
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in the air; but the violence of the motion 
is perpetually varying. 

Q. Does the rotation of the earth upon its 
axis affect the ^notion of the air P 

A. Yes in two ways. 1st—As the 
earth moves round its axis, the thin 
moveable air is left somewhat behind; and, 
therefore, seems (to a* stationary object) 
to be blowing itx the opposite direction to 
the earth’s motion : and 

2ndly—As the earth revolves, different 
portions of its surface are continually 
passing under the vertical rays of the sun. 

Q. What do you mean hy “ the vertical 
RAYS of the SUN ?” 

A. When the sun is in a direct line 
above any place, his rays are said to be 
vertical'’ to that place. 

Q. Illustrate the manner, in which the earth's 
surface passes under the vertical sun. 

A. Suppose the brass meridian of a 
globe to represent the vertical rays of the 
sun; as you turn the globe round, 
different parts of it will pass under the 
brass rim, in constant succession, 

D a 3 
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Q. TVhij is it NOON-DAY to the j)lace over 
which the sun is tektical ? 

A. Because the sun is half-waj/ 
between rising and setting to that place. 

Q. Show how this rotation of the earth 
affects the air? 

A. If we suppose the brass meridian 
to be the vertical pun, the whole column 
uf air heneath will be heated by the noou^ 
day rays; that part which the sun has 
left, will become gradually colder and 
colder; and that part to which the sun 
is approachiny, will grow constantly 
warmer and warmer. 

Q. Then there are three qualities of air 
about this spot ? 

A. Yes ; the air over the place which 
has passed the meridian is cooling: the 
air under the vertical sun is the hottest: 
and the air which is over the place about 
to j)(^ss under the meridian^ is increasiny 
in heat. 

See fig. on p 308. The column A (wljich the sun lias 
passed) is cooling; B is under the vertical sun; and (' is 
increasing in heat* 

Q. How does this variety in the heat of air 
produce wind ? 
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A. The air always seeks to preserve 
an eqniUhrium; so cold air rushes into 
the void, made by the upn:ard current of 
the warm air. 

Q. % does not the wind always blow 
ONE way, foliowincf the direction of the sun ? 

A. Because the direction of the wind 
is subject to perpetualinterruptions from 
hills and valleys, deserts, seas, &c. 

Q. How ran hills and mountains alteh 
the course of the wind ? 

A. Suppose a wind (blowing from the 
north) comes to a mountain; as it cannot 
pass through it, it must either rush back 
again, or Jig off at one side, (as Si marble, 
when it strikes against a n ail), 

Q. Do MOUNTAINS offevt the wind in any 
OTHEU way? 

A. Yes; many mountains are capped 
with snow, and the warm air is condensed, 
when it comes in contact with them; but 
as soon as the temperature of the wind is 
changed, its direction may be changed 
also. 


See figure on next page 
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TliE SUM 



Suppose A. B. C. to be three columns of air. A, the oolumn 
of air which is cooling down; B, the column to which the 
sun is vertical; and C, the column wb’ch is to be heated next. 
In this case the cold air of A will rush towards B C ; because 
the air of B and C is hotter than A. But sni>pose now C to 
be a snow-capped mountain : As the hot air of B reaches G, 
it is chilled; and (being now colder than the air behind) it 
rashes back again towards A, instead of following the sun. 

Q. How ran the ocean affect the direction of 
the WIND ? 

A. When the ocean rolls beneath the 
vertical sun, the water is not made so hot 
as the land; in consequence of which, 
the general direction of the wind is 
directed from tracts of ocean towards 
tracts of land. 

Q. Why is not the water of the sea made so 
HOT by the vertical sun, as the surface of the land ? 

A. 1st—Because the evaporation of 

the sea is greater, than that of the land : 

2ndly—The constant motion of the 
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water prevents the increase of tempera¬ 
ture at the surface: and 

3rdly—The rays of the sun strike iulo 
the water ; in consequence of which, the 
immediate surface is much less affected. 

Q. Why does the evaporation of the sen 
prevent its surface from being heated by the vertical 
sun ? 

A. x4s water absorbs heat, bv beinj^ 
converted mto v6pour ; the surface of the 
sea is continually losin// heat by evapora- 
Hon, 

Q. lloxv does the motion of the sea jn'cvent its 
surf ace from being heated by the vertical sun ? 

A. As one portion is heated, it rolls 
away^ and is succeeded by another; and 
this constant motion prevents the surface 
of the sea from being heated, tnore than 
any other part. 

Q. Do CLOUDS affect the wind ? 

A. Yes. As passing clouds screen 
the direct heat of the sun from the earth, 
they diminish the rarefaction of the air 
also: and this is another cause why 
neither the strength nor direction of the 
wind is uniform. 
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Q. Would the winds blow reg^ularly from east 
to west, if these obstuuctions were bkmoved? 

A. Without doubt. If the whole 
earth were covered with water, the winds 
would always follow the sun, and blow 
uniformly in one direction. 

Q. Do winds evee blow beoulaelt ? 

A. Yes ; in those parts of the world, 
which present a large surface of water, as 
in the Atlantic and Pacific Oceans. 

Q. What are the winds, which blow over the 
Atlantic and Pacific Oceans, called ? 

A. They are called “ Trade Winds.” 

Q. Why are they called ” trade winds ” ? 

A. Because (as they blow uniformly 
in one direction) they are very convenient 
to those, who carry on trade by means of 
these oceans. 

Q. In ivhat direction do the trade winds 
blow ? 

A. That in the northern hemisphere 
blows from the north-east: that in the 
southern hemisphere from the south-east. 

Q. Why do they not blow from the fult. 
north and south ? 

A. Because currents of air flowing 
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from tJie poles, give them an easterly 
direction. 

Q. What is the cause of these currents of air 
from the poles to the equator ? 

A. The air about the equator (being 
constantly rarefied by the heat of the sun) 
rises; and cold air from the north and 
south flows towards the equator, to restore 
the equilibrium., 

Q. Is there an cffer, as well as a lower 
CURRENT, Ir the atmosphere ? 

A. Yes; the upper current of rarefied 
air is from the equator to the poles ; where 
it is condensed, and returns again to the 
equator, forming the lower current. 

Q. Why have these lower currents (from 
the poles to the equator) an easterly tendency P 

A. All the atmosphere revolves tvith 
the earth; but when a current of air 
from the poles flows towards the equator, 
it comes to a part of the earth’s surface, 
which is moving faster than itself; in 
consequence of which, it is left behind, 
and thus produces the effect of a current 
moving in the opposite direction. 

As the circumference of the earth at the equator is much 
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larger than tbe cii'cumference of the earth at the poles; there ^ 
fore, every spot of the earth’s equatorial surface must move 
much faUeVj tliau the corresponding one at the poles. 

N. B. As die earth revolves on its axis from west to east, 
therefore, the air which is carried with it will seem to blow 
from the went: As, however, the current of air from tlie 
poles seems to blow in the opposite direction, it will seem to 
blow from the east (or to be an easterly wind). 

Q. By what means then are the north-east and 
south-east tiiade winds lyroduced ? 

A. By a combination of the two 
motions of the polar currents; which 
produces the intermediate directions of 
the north-east and south-east, 

Q. Are both these motions of the polar 
currents bkal ? 

A. No. The motion from the east 
to west is only apparent. As the earth 
revolves from west to east, the air carried 
with it will be a west wind; but the polar 
currents seem to blow in the opposite 
direction, merely because they have not 
acquired the same velocity- 

Q. Exemplify this effect u'ith some familiar 

ILLUSTRATIONS. 

A. The sailing of a ship, by the force 
of tbe wind on its sails: The flying of a 
kite; The motion of fishes: The art 
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of swimming: and the flight of birds, 
are all instances of a similar mechanical 
effect. 

Q. Do trade winds blow from the north-east 
and Houth-east all the year round ? 

A. Yes, in the open sea; that is, in 
the Atlantic and Pacific Oceans, for about 
30 deg’’- each side of the equator. 

Q. What do ^he north-easterly and south¬ 
easterly trade winds pi'oduce, when they meet near 
the equator P 

A. A region of calms, in which thick 
foggy air, with sudden showers and 
thunder-storms, prevail. 

Q. Is this region of calms fixed in its position ? 

A. No 3 it shifts its place, according 
to the sun’s distance, and position in 
regard to the equator: being sometimes 
entirely to the north of the equator, and 
occasionally reaching as far as 2° south 
of it. 

Q. Do the TRADE WINDS blow uniformly from 
north-east and sputh-east in the Indian Ocean ? 

A. No; nor yet in those parts of the 
Atlantic and Pacific, which verge on the 
continents, 

1 ^: a 
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Q. How do the trade winds iu the Indian 
Ocean blow P 

A. From April to October a south- 
west wind prevails j from October to April, 
a north-east, 

Q. What are these periodical currents of air 
(which affect the neighbourhood of the Arahiarij 
Indian, and Chinese Seas) called P 

A. They are called monsoons. 

Q. How far do the limits of the monsoons 
extend P 

A. They extend from the African 
Shore to the longitude of New Guinea; 
and are felt northward as far as the 
parallel of latitude, which crosses the 
Loochoo Isles. 

The Loochoo Isles are about 24® north latitude, and 130® 
east longitude. 

Q. Why do not the trade winds in the Indian 
Ocean blow south-west from ApHl to October P 
A. Because (as Arabia, Persia, 
India, and China, are exposed to the 
enormous heat of their summer sun) the 
air over them is so rare/ied, that the 
cold air from the south rushes towards 
these nations^ across the equator ; in con¬ 
sequence of which, a south-west wind is 
produced for six months of the year. 
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Q, To ivhat distance does this south-west 
wind prevail ? 

A. From 3 degs- south of the equator, 
to the shores of the Arabian, Indian, 
and Chinese Seas. 

Q. Why do the trade winds (in the Indian 
Ocean) blow north-east from October to A2)rilP 

A. Because whenjthe sun has left the 
northern side of the equator for the south¬ 
ern, then the southern part of the torrid 
zone is most heated j and the cold air from 
the nortl) (rushing towards the southern 
tropic) is diverted to the north-east, 
where it continues for the other six 
months of the year. 

Q. Are the monsoons as rowEiiFUL, as the trade 
winds ? 

A. They are far more so, and very 
often amount to violent gales. 

Q. Why are the monsoons more usEFUii to 
the mariner^ than the fixed tkade winds ? 

A. Because the mariner is able to 
avail himsejf of these periodic changes, 
to go in one direction during one half of 
the year, and to return in the opposite 
direction during the other half. 

E a 2 
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Q. How is the chan ge of the monsoons marked ? 

A. By an interval of alternating 
calms and storms. 

Q. Have the winds in England any general 
direction throughout the year ? 

A. We generally find that easterly 
winds prevail during the spring of the 
year; and that westerly winds are most 
common in the summer and autumn. 

S-West winds are most frequent in July and August. 
N-East winds in January, Maicb, April, May, and Jane; 
but least frequent in July, September, and December. 

Q. When are the winds in England 
generally the highest ? 

A. The winds in December and Jan¬ 
uary are generally the highest. Those 
in February and November the next; 
and those in August and September are 
the least boisterous. 

Q. Why are the winds of Euro2)e generally 
HIGHEST in December and January ? 

A. Because the sun is furthest south 
in those months; and (as the heat in 
these northern regions rapidly decreases) 
the contrast between our temperature and 
that of the torrid zone is greater in 
December and January, than in any other 
two moinhs throughout the year. 
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Q. Why does this contrast of heat increase 
the VIOLENCE of the winds ? 

A. As the air always seeks to preserve 
an equilibrium, therefore, the^reater the 
contrast, the more violent will be the 
rush of air to equalize the two volumes. 

Q. Why are the winds in Europe generally 
the most placid, during the months of September 
and August? * 

A. August' and September are our 
warmest months, when we approach 
nearer to the heat of the torrid zone, than 
in any other two months; therefore, the 
air (to and from the equator) moves with 
less velocity in our northern hemisphere. 

Q. Show the goodness and wisdom of God 
in this constant tendency of air to equilibrium. 

A. If the torrid zone were not tem¬ 
pered by cold air from the polar regions, 
it would become so hot, that no human 
being could endure it. If (on the other 
hand) the polar regions we re never warmed 
by hot air from the torrid zone, they 
would soon’become insufferably cold. 

Q. In what other way does the mingling of 
the liolar and equatorial atmosphere act deneit- 
CTALI.Y ? 

E a 3 
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A. In the equatorial regions, the 
great abundance of vegetable life is pro¬ 
ductive of a very large amount of oxygen : 
In the coldmr regions, artificial fires and 
dense masses of animal life^ produce 
large quantities of carbonic acid: The 
mingling of the polar and equatorial 
atmosphere assists* in supplying each of 
these regions with the very gas, in which 
it would be otherwise defective. 

Q- How does the minffling of the roLA.K ond 
EQUATORIAL atmosphere serve to supply each reyion 
with the GAS it most requires ? 

A. The plants of the equatorial 
regions require carbonic acid ;—The 
animals of the colder regions require 
oxygen : By mingling of the polar and 
equatorial atmosphere, the currents of air 
from the Poles carry carbonic acid to the 
equatorial plants ; and the aerial currents 
from the Equator carry oxygen to the 
colder regions, for the supply of animal 
life which there abounds. 

Q. Why are east winds in Knyland 
generally dry ? 

A. Because (as they come over the 
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vast continents of Asia and Europe) they 
absorb very little water. 

Q. docs their imhihing so little uafrr 

1)1 ahe them dry winds? 

A. Being thirsty when they reach our 
island, they readily imbibe moisture from 
the air and clouds; and, therefore, hrinfj 
dry weather, • 

Q. Why is Hie north wind in England, 
generally coi.i) ? 

A. The north wind comes from the 
polar regions, over mountains of snow, 
and seas of ice; in consequence of which, 
it is very cold, 

Q. Why are north winds In England 
generally dry and biting} 

A. As they come from regions colder 
than our orvn, they are warmed by the 
heat of our island; and (as their tempe* 
rature is raised) they absorb moisture 
from every thing they touch ; in conse¬ 
quence of which, they are both dry and 
parching, 

Q. Why is the south ^YIND generally warm 
in England. ? 

A. The south wind comes over the 
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hot sandy deserts of Africa, and is heated 
by the land it traverses. 

Q. Why does the south wind often briny 7 ts 

RAIN ? 

A. The south wind (being much 
heated by the hot sands of Africa) imbibes 
water very plentifully^ as it passes over the 
Mediterranean Sea and British Channel. 

Q Why does the satui^ation of the south 
u'ind cause rain ? 

A, As soon as it reaches our cold 
climate it is condensed^ and can no longer 
hold all its vapour in suspension; in 
consequence of which, some of it is 
deposited as rain. 

Q. Why are west winds in England gen¬ 
erally rainy? 

A. The west winds come over the 
Atlantic Ocean^ and are laden with 
vapour: if, therefore, they meet with the 
least chilly some of the vapour is deposited 
as rain. 

Q. Why is a fine clear day sometimes 
OVERCAST in a few minutes ? 

A. Because some sudden change of 
(emperfJtire has condensed the vapour of 
the iw into clouds. 
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Q. Why are clouds sometimes dissipated 
quite as suddenly ? 

A. Because some dry wind (blowing 
over the clouds) has imbibed their 
moisture^ and carried it off* in invisible 
vapour. 

Q. Why does a south-west wind bring ns 

RAIN ? ^ 

A. As it comes from the torrid zone^ 
and crosses the^ ocean, the hot wind is 
laden rvith vapour; and as some of 
the heat escapes (when it reaches our 
northern island) the vapour is condensed, 
and precipitated as rain. 

Q. Why does a north-east wind barely 
bring rain ? 

A. As it comes from a climate colder 
than our own, its capacity for imbibing 
vapour is increased, when it reaches our 
island; in consequence of which, it dries 
the air, dispels the clouds, and promotes 
evaporation. 

Q. IVhy does wind sometimes bring rain, 
and sometimes fine weather P 

A; If the wind be colder than the 
clouds, it will condense their vapour into 
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7'ain: if the wind be warmer than the 
clouds^ it will dissolve them, and cause 
them to disappear. 

Q. Why are March winds dry ? 

A. Because they generally blow from 
the east or north-east; and, therefore, 
sweep over the continent of Europe. 

Q. What is the use of March wuids ? 

A. They dry the soH (which is satu¬ 
rated with the floods of February), break 
up the heavy clods, and fit the land for 
the seeds which are committed to it. 

Q. Why is it said, that “March comes in 
like a lion?” 

A. Because it comes in with blustering 
east winds, so essential to dry the soil, 
which would otherwise rot the seed com¬ 
mitted to it. 

Q. Why does “March go out like a lamb ?” 

A. Because the water (evaporated by 
the high winds) falls again in showers to 
fertilize the earth, and breaks the violence 
of the winds. 

Q. Why is it said, that “ A bushel of March 
DUST is worth the king's ransom 

A. Because it indicates that there has 
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been a continuance of dry weather ; and 
unless March be dry, the seed will rot in 
the wet soil. 

Q. Why is it said, dry cold March iiei^er 

BEGS BREAD P” 

A. Because the dry cold winds of 
March prepare the soil for seeds; which 
germinate, and produce fruit in the 
autumn. 

Q. Why is it said, that “/I wet March 
makes a sad autumn ? ' 

A. Because (if March be wet) so much 
of the seed rots in the ground, that the 
autumn crops are spoiled. 

Q. Why is it said, that “ March flowers 
make no summer bowers ?” 

A. Because (if the spring be ve)y 
mildj vegetation gets too forward, and is 
pinched by the nightly frosts, so as to 
produce neither fruits nor flowers. 

Q. Why is it said, late spring makes a 

FRUITFUL YEAR ?” 

A. Because (if the vegetation of spring 
be backward) the frosty nights will do no 
harm ; for the fruits and flowers will not 
put forth their tender shoots, till the 
nights become too warm to injure them. 
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Q Wh]f is it said, that “April showers 
bring May flowers?'* 

A. Because April showers supply the 
principal nourishment, on which seeds 
depend for their development. 

Before seeds can germinate, three tilings are essential:— 
Darkness, Heat, and Moisture. 

Q. Does isLAii^-water possess any fertilizing 
properties besides that of mere moisture ? 

A. Yes; rain-water contains an 
abundance of carbonic acid, and a small 
quantity of ammo'niaj to which much 
of its fertilizing power may be attributed. 

Ammonia is a compound of nitrogen and hydrogen. 
Common hartshorn is only ammonia and water. 

Q. Why has God made November a very 
BAiNY month P 

A. Because the rain hastens the 
putrefaction of the fallen leaves; and this 
makes the earth fertile. 

Q, Why is there more rain from September 
to March, than from March to September P 

A. From September to March, the 
temperature of the air is constantly 
decreasing; on which account, its capa¬ 
city for holding vapour is on the decrease, 
and the vapour is precipitated as rain. 
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Q. there less ram fbom MafvCH ta 

September, thanfr<mi September to March? 

A. From March to September, the 
temperature of the air is constantly 
increasing; on which account, its capa¬ 
city for holding vapour is on the increase, 
and very little is precipitated as rain. 

Q. Why is the rismfg sun in summer 
accompanied with rt^BREEZK ? 

A. Because’ the heat of the rising 
sun stops the radiation of heat from the 
earth, and warms its surface. 

How does this warmth produce a 

BREEZE ? 

A. The air (resting on the earth’s 
surface) is warmed by contact —ascends 
upwards,—and colder air rushes in to fill 
up the void j which is the cause of the 
morning breeze. 

Q. Why is there often an evening breeze 
daring the summer months P 

A. The earth radiates heat at sun-set, 
and the air,is cooled down quickly by 
contact: this condensation causes a 
motion in the air, which is the evening 
breeze. 
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Q. Why are tropical islands always subject 
to a sKX-hreeze every morning: (i, e. a breeze blowing 
from the sea, to the land) P 

A. The solar rays are unable to 
heat the surface of the sea, as they do the 
earth; therefore, the air resting on the 
earth is more heated, than the air resting 
on the sea; and the colder sea air blows 
inland to restore the equilibrium. 

Q. hy is the land breeze unhealthy ? 

A. Because it is frequently loaded 
with exlialations from putrefying animal 
and vegetable substances. 

Q lyhy is the sea breeze fresh and 

HEAJ.TIIY? 

A. Because it passes over the fresh 
sea, and is not laden with noxious 
exhalations. 

It is healthy^ therefore, to walk on the sea-beach before 
ten o’uljek in the morning; but unhealthy after snii-set. 

Q. Whj is there generally afresh breeze from 
the SEA (in English watering places) during the 
summer and autumn mornings? 

A. As the land is more heated by the 
sun, than the sea; thei’efore, air resting on 
the land is hotter, than air resting on the 
sea ; ill consequence of which, cooler sea 
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air glides inland, to restore the equili¬ 
brium. 

Q. Why does the sea breeze/ dW cool ? 

A. As the sun cannot make the 
surface of the sea so hot as the surface 
of the land; therefore, the air which 
blows from the sea, feels cooler than the 
air of the land. . 

Q. Why are yiiupiCAL islands subject to a 
LAND BREEZK cvenj EVENING ; f i. c. a breeze bhminy 
from, the laud towards the sea) ? 

A- The surface of land cools down 
faster (after sun-set) than the surface of 
the sea : in consequence of which, the 
air of the cold land is condensed,—sinks 
donm, —and spreads itself into the warmer 
sea air, —causing the land breeze. 

Q. Why is the land breeze cool ? 

A. As the surface of the land is 
cooled at sun-set quicker than the surface 
of the sea; therefore, the seaman feels 
the air from the land to be chill. 

Q. Whyjis the temperature of islands more 
EQUABLE, than that of continents? 

A.’ Because the water around the 
island absorbs the extreme heat of 

F a 2 
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s^umnier ; and (^h'cs out beat to mitigate 
the extreme cold of winter. 

Q. Why (Joes the sea round an island give 
OUT heat in irinter? 

A. Unless tlie sea be frozen (which is 
rarely the case), it is warmer than the 
frozen land; and, therefore, the warmth 
of the sea air helps to mitigate the 
intense cold of the land air. 

Q. Why are thete waves m the sea ? 

A. The wind (acting on the surface 
of the sea) piles up ridges oj vater^ 
which leaA'e behind an indentation: as 
the w^ater on all sides rushes to fill up 
this indentation, the disturbance spreads 
on all sides, and billow rolls after billow. 

Q. Why does wi^sd in England generally feel 
COLD ? 

A. Because a constantly changing 
surface comes in contact with our body, 
to draw off its heat. 

Q- Why is a room (even without a fire) 
generally warmer, than the open air ? 

A. As the air in a room is not subject 
to much change, it soon becomes of the 
same temperature as our skin, and no 
longer feels cold. 



COOLING. 


329 


Q. Why do we generally feel colder out-of- 

doors ? 

A. Because the air (which surrounds 
us) is always changmg; and as fast as 
one portion of air has become warmer by 

contact witli our bodv, another colder 

•/ ^ 

portion, surrounds us to absorb more heat. 

Q. Why are hot f^ods made cool hy 
BLOWING them ? 

A. Blowing* causes the air (which 
covers the hot food) to change more 
rapidly; in consequence of which, the 
hot air is quickly blown away^ and gives 
place to fresh cold air. 

Q. Why do ladies fan themselves in hot 
weather ? 

A. By the action of the fan, fresh 
particles of air are perpetually brought 
in contact with the face \ and every fresh 
particle of air absorbs some heat from the 
skin. 


Q. Does the fan cool the air? ^ 

A. No; it makes the air hott&i\ hy/S 
imparting to it the heat out of the face 
but it cools the face blown upon, by ^ 
transferring its heat to the air. 

F a 3 
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Q Is the 4IR in summer ever so hot as our 
lodus ? 

A. No, not in England. In the 
hottest day in summer, the air of England 
is 15 or 20 degi’ees cooler, than the 
human body. 

Q Hotv fast does icind travel ? 

A. A gentle, breeze goes at about 
the rate of 5 miles an. hour. A high 
wind from 20 to 60. A' hurricane from 
80 to 100 miles an hour. 

Q. How is the velocity of winds ascer¬ 
tained ? 

A. By observing the velocity of the 
clouds; and by an instrument for,^e 
purjiose. 

This instrument is called an Anemometer. 

Q. How is the velocity of the clouds 
ascertained P 

A. By observing the speed of their 
shadow along the ground; which is 
tfoLind (in a high wind) to vary from 20 to 
60 miles an hour. 

. Q. is there always a strong draught 

through the keyhole of a door? 

A. As the air in the room we occupy 
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is yvarmer than the air in the hall, there¬ 
fore, the air from the;hall rushes thf'ough 
the keyhole into the room, and causes a 
draught. 


Q. Why is there always a strong deaxjght 
UNDER the DOOR, and through the crevice on each 
side ? 


A. The cold air imshes from the hall 
under the door, &c. into the room,—to 
supply the void^ caused in the room by 
the escape of warm air up the chimney, 
&c. 

Q. Why is there always a draught through 
the WINDOW crevices ? 


The external air (being colder, 
the air of the room we occupy^ 
rushes UTrouffli the window crevices to^ 


supply the deficiency^ caused by the escape 
of air up the chimney, &c. 


Q. Why is there more draught if you open 
the i.owER SASH of a window, than if you open the 
UPPER sash ? 

A. If the lower sash be open, the 
cold external air will rush more freely 
into the room; but if the upper sash bc^ 
open, the heated air of the room will rush 
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out; and (of course) there will be less 
draught. 


Q. By which means is the boom better 
VENTILATED ; by opetmiff the lower or the ujyper sash ? 

A. A room is better ventilated by 
^opening the upper sash; because the hot 
vitiated air (which always ascends towards 
the ceiling) can escape more easily. 


Q. By ii'hich means is a hot room more 
quickly cooled —By opening th'e upper or the lower 
sash ? 


A. A hot room is cooled more quickly 
by opening the lower sash; because the 
cold air can enter more freely by an under 


current, than by one higher up. 

r Q. Why does wind dry damp LyiEN 

A. Because dry wind (like a ary 


sponge) imbibes the particles of vapour 
from the surface of the linen, as fast as 


they are formed. 


Q. Which is the hottest place in a church, 
chapel, or theatre ? 

A. The gallery. 


Q. Why is the gallery of all public places 
HOTTER, than the lower jsaris of the building? 

A. Because the heated air of the 
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building ascends; and all the cold air 
(which can enter through the doors and 
windows) keeps to the floor^ till it has 
become heated. 

Q. do PLANTS often fjrow out of walls^ 

and TOWEiis ? 

A. Because sometimes, the nyind 
blows the seed there with the dust; and 
sometimes, birds^ (flying over) drop the 
seed, which they had formerly eaten. 


CHAPTER XXIII. 


BAROMETER. 


Q. What is a barometer? 

A. A weather-glass, or instrument to 
measure the variations of the weight of 
the air; by means of which variations^ 
we may judge what weather may be 
expected. 

Q What is a thermometer ? 

A. An instrument to show how hot 
or cold anything is. 
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Q. JrAat is the diffkkenck between a ther¬ 
mometer and a barometer ? 

A. In a THERMOMETER the mercury 
is sealed up from the air; and rises or 
^falls, as the varying temperature of the 
W expands or contracts it: but 

In a BAROMETER the mercury is left 
exposed (or open) to the air; and rises 
or falls, as the varying weight of the air 
presses upon the open column. 

(). If the mercury of the thermometer he 
SEALED UP/row the air, how can the air affect it ? 

A. The heat of the air (passing 
the glass tube into the mercury), causes it 
to expand; and rise in the tube accordingly. 

Q. ^^'^hy is the tube of a barometer left 

OPEN ? 

A. That the air may press upon it 
freely; and as this pressure is more or 
less, the mercury 7'ises or falls in the tube. 

The top of the tube must be ii “ vacuum**; otherwise the 
pressure of the external air upon the lower part of the 
column cannot affect the mercuiy. 

Q. How can weather he affected by the weight 
of the air P 

A. When air is moists or filled with 
vapour, it is lighter than usual; and the 
column of mercury stands low: 
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Wlien air is dry and free from vapour, 
it is heavier than usual i and the mercury 
stands high: Thus the barometer (by 
showing the variations in tlie weight of 
the airj indicates the changes of the 
weather also. 

(J. Why can you tell (by lookiny at a 
barometer) what kind q/* weather it will he P 

A. Because^ the mercury in the tube 
rises and falls, a'fe the air becomes heavier 
or lighter: and we can generally tell by 
the weight of the air, what kind of weather 
to expect. 

Q. Does the weight of the ah' vary much ^ 

A. Yes; the atmosphere in England 
varies as much as one-tenth part more or 
less. 

Q. What USE is a barometer to sailors P 

A. It warns them to regulate their 
ships, before squalls come on. 

Q. How can a barometer %mm sailors to 
reyidate their ships ? 

A. As the barometer indicates when 
mind, rain, or storm is at hand, the sailor 
can make his ship trim before it overtakes 
him. 
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Q. Are there any ru les, which can he depended 

071 ? 

A. Yes; there are ten special rules 
to direct us how to know the changes of 
weather, by marking the mercury of a 
barometer. 

Q. What is the 1st special rule 7vUh 
regard to the barometer? 

A. The barometer is highest of all 
during a long Jrost; and it generally 
rises with a north-east wind, 

Q- ^yhy is the barometer lUGiimT of all during 

a long frost ? 

A. Because a long frost condenses the 
air very greaily ; and the more that air is 
condensed, the greater is its pressure on 
the mercury of the barometer. 

Q. Why does the barometer getierally rise 

with a NORTH-EAST wuid ? 

A. Because north-east winds make 
the air both cold and dry : the air, there¬ 
fore, is both condensed^ and without 
vapour. 

Q. What is the 2nd special rule with 
7'egard to the bai'ometer ? 

A, The barometer is lotrest oj all 
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during a thaw, which follows a long frost: 
it generally falls with south and westerly 
winds. 

Q. Why does the harometer fall lowest of all, 

at the BREAKING MV of a long frost ? 

A. 1st—Because the air (which had 
been much dried by the frost) absorbs 
the moisture of the fresh warm current of 
wind from the south o*r south-west: and 

2ndly—The»air (which had been much 
condensed by the frost) is suddenly 
expanded by the warm wind, which is 
introduced. 

Q. W hy does the barometer fall very low with 

SOUTH and west winds F 

A. Because south and west winds 
come heavily laden with vapour; and 
vaporized air is lighter than dry air. 

(i. What effect has wind on the mercury ? 

A. The barometer is highy when the 
wind blows between the east and the 
north ; but it is low^ when the wind 
blows between the south and the west. 

t 

Q. Why do these winds affect the mercury of 
a harmncter ? 

A. Because the pressure of the air is 

a a 
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increased by cold winds, and diminished 
by warm ones. 

Q. Why is pressure of the air increased u ith 

cold iviuds from the north ? 

A, Because (when the air is cooled by 
winds from the north and east) it contracts, 
and warmer air flows in from all sides to 
fill up the vacuum; in consequence of 
which, the volume of the air is increased, 
and the barometer falU. - 

Q. Why is the PRESSURE of the air dimin¬ 
ished hy warm winds from the south and west? 

A. Because (when the air is heated 
by south and west winds) it ascends, and 
flows away in all directions; in conse¬ 
quence of which, the volume is diminished, 
and the mercury falls. 

Q. What is the 3bd special rule with regard 

to the barometer P 

A. While the barometer stands above 
30, the air must be very dry, or very 
cold, or perhaps both, —and no rain may 
be expected. 

I 

Q. Why will there be no rain, if the AIR he 
very dry ? 

A. If the air be very dry, it will 
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absorb moisture, and not part with 
it in rain. 

Q. Why will there he no rain if the air he 
very cold ? 

A. If the air be very cold, it is so much 
condensed, that it has already parted with 
as much moisture^ as it can spare. 

Q. What is the 4th special rule with regard 
to the barometer ? 

A. When • the barometer stands 
very low indeed, there will never be much 
rain ; although a fine day will seldom 
occur at such times. 

Q. What hind q/* weather is there likely to 
hCj when the harometeir is unusually low? 

A. 8ho7't heavy showers, with sudden 
squalls of wind from the west. 

Q. Why will there he very little rain if 
the barometer he unusually low ? 

A. Because the air must be very 
rvarm^ or very moist, or perhaps both. 

Q. Why will there he little or no rain, if the 
air he very warm ? 

A. If the air be very warm, it will 
have a tendency to imbibe more moisture, 
and not to part with what it has. 

G a 2 
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Q. Why will there be little or no rain, if the 
air he moist, and the barometer remain very low ? 

A. If the air be ever so moist, rain 
will never fall till cold air has been 
introduced to condense the vapour; and 
the moment that the cold air is inti'o- 
duced, the barometer will rise. 

Q. What is the 5th special rule with 
regard to the barometer*? 

A. In summer-time; (after a lonj^ 
continuance of fair weather) the barom¬ 
eter will fall gradually for 2 or 3 days 
before rain comes; but if the fall of the 
mercury be very sudden, a thunder-storm 
is at hand. 

Q. What is the Gth special rule ivith 
regal'd to the barometer ? 

A. When the sky is cloudless, and 
seems to promise fair weather, if the 
barometer be low, the face of the sky 
will soon be suddenly overcast, 

Q. IVhat is the 7th special rule icith 
regard to the barometer P 

A. Dark dense clouds will pass over 
without rain, when the barometer is 
high; but if the barometer be low, it 
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will often rain tvithout any appearance of 
clouds. 

Q. What is the 8th special rule uith 
regard to the barometer P 

A. The higher the barometer, the 
greater is the probability of fair weather. 

Q. Why is the barometer high in fine 
weather P • 

A. Becauje the air in fine weather 
contains vet\tj little vapour. The drier 
the air, the higher does the mercury of 
the barometer rise. 

Q. What is the 9th special rule xeith 
regard to the barometer ? 

A. When the mercury is in a rising 
state, fine weather is at hand; but when 
the mercury is in a sinking state, foul 
weather is near. 

Q. Why does the mercury rise at the 

apjo’oach of fine weather ? 

A. Because the air is becoming 
more dry and, therefore, its pressure is 
greater. 

Q. Why does the mercury sink at the 

approach of foul weather? 


Gad 
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A. Because the air is laden with 
vapour, or disturbed by wind. 

Q. Why does vapour in the air make the 
mercury sink ? 

A. Because vaporized air is lighter 
than dry air; and, therefore, {{.^pressure 
is less on the mercury of the barometer. 

Q, What is the JOth special nuLis irith 
regard to the barometer? 

A. If (in frosty weather) it begins to 
snow, the barometer generally rises to 
30, where it remains as long as the 
snow continues to fall; if, after this, the 
weather clear up, you may expect very 
severe cold. 

Q. How can yon know if the mercury of the 
barometer he rising ? 

A. If the top of the column be convex 
(i. e. higher in the middle, than at the 
sidesj, it is in a rising state. 

Q. How can you tell if the mercury of the 
barometer he falling ? 

A. If the top of the column be concave 
(i. e. hollow in the middle), it is in a 
falling state. 

Q. Why is the mercury convex, when it is 
RISING? 
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A. The parts of the mercury in 
contact with the tube, are delayed by the 
glass; in consequence of which, the 
middle pari risesfaster than the sides; and 
the surface is convex. 

Q. fVIiy is the mercury concave, when it is 

FALLING ? 

A. The parts of ,the mercury in 
contact with th^ tube, are delayed by 
capillary attraction; in consequence of 
which, the middle part sinks faster than 
the sides; and the surface is concave. 

Q. What effect does a thunder-storm jyroduce 

on the weather ? 

A, Thunder is generally preceded by 
hot weather, and followed by cold and 
showery weather. 

Q. What effect does a sudden change 
of tetnperaliire produce on the weather ? 

A. A great and sudden change 
(either from hot to cold, or from cold to 
hot) is generally followed hy rain within 
24 hours. 

f 

Q. Why is a sudden change from hot to 
COLD followed hy rain ? 

A. The cold condenses the air and its 



344 


BAROMETKR. 


vapour; which (being condensed) falls 
in rain. 

Q. Why is a sudden change from cold to 
JLOTfollowed by rain? 

A. Because the air is quickly satU'- 
rated with moisture; and as soon as 
night comes on, the temperature is 
lowered again, and some of the abundant 
moisture falls in rain. 

r* 

Q. Why is the air quickly saturated with 
MOISTURE, when heat rapidly succeeds cold? 

A. Because the evaporation (which 
was checked by the cold) is carried on 
very rapidlyy in consequence of the 
diminished pressure of the air. 

N. B. The leRS the pressure of the air, the more rapid 
the evaporation of moisture. 

P. When does the barometer vary most ? 

A. In winter time. 

Q. Why docs the barometer vary more in 
WINTER, than in summer time ? 

A. Because the difference of tempe¬ 
rature between the torrid ai?d temperate 
zones is much greater; and produces a 
greater disturbance in the state of 
the air. 
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Q. IVhen does the barometer vary least? 

A. In summer time. 

Q. Why does the barometer vary less in 
SUMMER, than in avinteb time ? 

A. Because the temperature of our 
island is so nearly etpial to that of the 
torrid zone, that its state is not much 
disturbed by interchange of currents. 

Q. Have heat and co^d any effect on the 
barometer P • 

A. No, not of themselves; but because 
cold weather is generally either dry^ or 
rough with north-east winds, therefore 
the mercury rises in cold weather: And 
because warm weather is often moist or 
fanned by south-west winds, therefore, 
the mercury sinks in warm weather. 

Q. Why is the merc'nry of a barometer lower 
in the torrid, thaii in the frigid zone P 

A . Because the warm air of the torrid 
zone contains much more vapoury than 
the condensed air of the frigid zone; and 
tlie moister the air, the less is its pressure. 

Q. In what :v[Onths is the barometer highest ? 

A. In May and August; next to 
these, in June, March, September, and 
April. 
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Q. In what mostiis is the barometer lowest ’’ 

A. In November and February; then 
in October, July, December, and Jan¬ 
uary. 

Q, TV hat are the driest months ? 

A. March and June; then May and 
August; then April and November. 

-Q. What are the wettest months ? 

A. October and February; then 
July and September; then Januaiy and 
December. 

Q. Why is there less net from March to 
August, than there is from Augvst to March ? 

A. Because the heat is constantly 
increasing; and the capacity of the air 
to absorb and retain moisture increases 
likewise. 

Q. TVhy is there more wet from August to 
March, thaji there is from March to August ? 

A. Because the heat is constantly 
decreasing; and the capacity of the air to 
retain moisture decreases also; so that 
(although it often rains) yet the air is 
always on the point of saturation. 

Q. TVhy does the wercury of a barometer 
RISE in a -'ROST ? 
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A. because frostcondensestheairj and 
condensed air is heavier, than rarefied air. 

Q. W hy does the mercury of a barometer fall 
in a THAW ? 

A. Because the air is filled with 
vapour. 

Q. What does a sudden rise or fall of the 
barometer indicate ? 

A. If the rise be sudden^ fine weather 
will not continue long: 

If the fall be sudden, foul weather 
will not continue long. 

Q. What sort of tceatlier may we expect, if the 
barometer he very fluctuating ? 

A. If the mercury fluctuates much, 
the weather will be very changeable and 
unsettled. 

The fall of the harometer. 

In ver}' Iwt weatlier, the fall of the mercury denotes 
thunder. 

Except in very hot weatlier, the sudden falling of the 
harometer denotes high wind. 

1\\ frosty weather, the fall of the barometer denotes thaw. 

If wet weather happens soon after the foil of the barometer, 
expect but little of it. 

Ill wet weather i^thc barometer falls, expect much wet. 

In fair weatlier, if the barometer falls much and remains 
low, expect much wet in a few days, and probably icind. 

N. B. The barometer sinks lowest of all for wind and rain 
together; next to that for wind, (cxcc])t it be an cast or 
north east wiiidL 
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The ItlSE of the barometeb. 

In winter^ tlie rise of the barometer presages frost. 

In frosty weather, the rise of the barometer presages snow. 
If fair weather happens soon after the rise of the barom- 
eter, expect but little of it. 

In wtt weatlier, if the mercury rises high and remains so, 
expect continued fine weather in a day or two. 

In wet weather, if the mercury rises suddenly very high, 
fine weather will not last long. 

N. B. The barometer rises highest of all for north and 
east winds; for all other winds it sinks. 

The barometer UNSETTLED. 

If the motion of the mercury be unsettled, expect unsettled 
weather. ' 

If it stand at “much rain” and rise to “ changeable,” 
exi^ect Jair weather of short continuance. 

If it stand at “ fair” and fall to “ changeable,” expect 
foul weather. 

N.B. Its motion upwards indicates the approach of fine 
weather; its motion downwards indicates the approach of 
foul weather. 


CHAPTER XXIV. 


SNOW. HAIL. RAIN. 

Q What is snow ? 

A. The condensed vapour of the air 
frozen, and precipitated to the earth. 
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Q What is the cause of sno'w ? 

A. When the air is nearly saturated 
with vapour, and condensed by a current 
of air below freezing point; some of the 
vapour is condensed, and frozen into 
snow. 

A few yOiU's iigo, some fislienneu (who wintered at 
Nova-Zemblu), after they had been shut up in a hut for 
several clays, opened the window ; ami the cold external air 
rushing in, instantly condensed the uir of the hut, and its 
vapour fell on the floor^tn a shower o/'snotv. 

Q. Whii does SNOW fall in winter time? 

A. Because the sun’s rays are too 
. oblique to heat the surface of the earth ; 
and (as the earth has no heat to radiate 
into the air) the air is very cold. 

Q. What is the came of slket ? 

A. When flakes of snow (in their 
descent) pass through a bed of air above 
freezing point, they partially melt; and fall 
to the earth as half-melted snow, or sleet. 

Q What is the use of snow ? 

A. To keep the earth warm, and to 
nourish it. 

Q. Why can snow keep the earth warm ? 

A. Because it is a very bad conductor; 
in consequence of which, the earth, (which 
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is covered with snow), very rarely descends 
below freezing point, even when the air 
is 16 or 20 degrees colder. 

Q. Why is snow a bad conduotob of heat 
and cold P 

A. Because air is confined and 
entangled among the crystals, and air 
is a very bad conductor \ when, therefore, 
the earth is covered wit!) snow, it cannot 
throw of its heat bv radiation. 

Q. Tell me the words of the Psalmist (cxlvii. 
16.) respecting snow; and explain what he means. 

A. The Psalmist says—“The Lord 
giveth snow like wool; ” and he means 
not only that snow is as white as wool, 
but that it is also as warm as wool, 

Q. Why is wool warm ? 

A. Because air is entangled among 
the fibres of the wool; and air is a very 
had conductor, 

Q. Why is snow warm ? 

A. Because air is entangled among 
the crystals of the snow 3 and air is a very 
bad conductor. 

Q. Why does snow nourisu the earth? 
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A. Because the contrast between the 
night and day is very great. The hot 
air absorbs moisture very abundantly 
during the day; but when it is condensed 
by the cold night (being unable to retain 
the same quantity of moisture), some of 
it falls in rain. 


CHAPTER XXV. 


WATER. 


Q. Of what is WATER composed ? 

A. Water is composed of two gases, 
oxygen and hydrogen. 

In 9 lbs. of water, 8 are oxygen, and 1 is hydrogen. 

Q. Wliy is WATER FLUID ? 

A. Because its particles are kept 
separate by latent heat ; but when a 
certain quantity of this latent heat is 
driven out, water becomes solids and is 
called ice. * 

Q. Hoiv can water he converted into a gas ^ 

A. By increasing its latent hcaty the 
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particles of water are again subdivided 
into invisible steam. 

Q. Why is PUMP water called “ ha r d water ” P 

A. Because it is laden with foreign 
matters, and will not readily dissolve 
substances immersed in it. 

Q. What makes wup-water hard ? 

A. When it filters through the earth, 
it becomes impregnated with sulphate of 
limey and many other impurities, from the 
earths and minerals with which it comes 
in contact. 

Q. Why is it difficult to wash our hands 
clean with hard ivater P 

A. Because the soda of the soap 
combines with the sulphuric acid of the 
hard water,—and the oil of the soap with 
the lime, and floats in flakes on the top 
of the water. 

N. B. Sulphate of lime consists of sulphuric acid and lime, 

Q. Why is it difficult to icash in salt water ? 

A. Because salt water contains mu- 
•riatic acid; and the soda of soap combines 
with the muriatic acid of the salt water, 
and produces a cloudiness. 
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Q. Whf/ does a black hat turn ked at the 

^^LA SIDE 

A. The muriatic acid of the sea-water 
disturbs the gallic acid of the black dye, 
aud turns it red. 

C^. Of irhat is SOAP made P 

A, Of kelp (or the ashes of sea-weed 
dried and burnt in a pit) mixed with oil 
or fat. 

% 

Yj:llow Soap is maAe of whale-oil, soda, and resiu. Soi r 
SOAP is made of oil aud potash. IIab d soap of oil and soda. 

Q. Why does water clean dirty linen 

A. Because it dissolves the stains, 
as it would dissolve salt. 

Q. Why does soap greatly increase the 
rlea7isiug jjower of loater ? 

A. Because many of the stains are of 
a greasy nature ; and soap has the power 
of uniting with greasy matters, and 
rendering them soluble in water. 

Q. Why is rain water soft ? 

A. Because it is not impregnated 
with earths and minerals. 

Q Why is it more easy to wash with soft 
ivater, than with hard i* 

A. Because it unites freely with the 
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soap, and dissolves it; instead of decom¬ 
posing it, as hard water does. 

Q. Wh7j do WOOD ASHES make hard water 
SOFT ? 

A. 1st—Because the carbonic acid 
of the 7vood ashes combines with the 
sulphate of lime in the hard water, and 
converts it into chalk: and 

2 ndly—The ashes convert some of the 
soluble salts of the water into insoluble, 
and throw them down as a sediment; in 
consequence of which, the water remains 
more pure. 

Q. Why has rain ivater such an t-npi^easant 
SMELL, when it is collected in a rain leater-tuh 
or tank P 

A. Because it is impregnated with 
decomposed organic matters, washed from 
roofs, trees, or the casks in which it is 
collected. 

Q. Why does melt sugar? 

A. Because very minute particles of 
water insinuate themselves into the pores 
of the sugar, by capillary attraction; and 
force the crystals apart from each other. 

Q. h ^hy (h)€- \\ ATI M El;i SAIT? 
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A. Because very minute particles of 
water insinuate themselves into the pores 
of the salt, by capillary attraction; and 
force the crystals apart from each other. 

Q. Wluf does melted sugar or salt give a 

FLAVOUR io WATER ? 

A. Because the sugar or salt (being 
disunited into very minute pieces) floats 
about the water^and mixes with every part. 

Q. Why docs*won water melt sugar and salt 
QUICKER than cold water? 

A. Because the heat of the water, 
entering the pores of the sugar or salt, 
opens a passage for the water. 

Q. Why is ^EXrwater heavy and brackish P 

A. 1st—Because it contains mines of 

salt at the bottom of its bed : 

2 ndly—It is impregnated with bitu¬ 
minous mattery which is brackish ; and 

3rdly—It contains many putrid sub~ 
stances^ which increase its brackishness. 

Q. Why is NOT RAis-water salt, although 
most of it is evaporated from the sea ? 

A. Because salt will not evaporate; 
and, therefore, when sea-water is turned 
to vapour, its salt is left behind. 

I a 2 



<■>. ^yhy docs STAGNANT UatCV rCJTKEFY ? 

A. Because leaves, plants, insects, 
&c. are decomposed in it. 

Q. Why is stagnant ival&r full nf wor^is, 
EELS, Sc. P 

A. Because numberless insects lay 
their eggs in the leaves and plants, which 
float on the surface; these eggs are soon 
hatched, and produce swarms of worms, 
eels, and insects. 

Q. Why are flowing waters free from these 

IMPTTRFTTES ? 

A. 1st—Because the motion of run¬ 

ning water prevents its fermentatiou : 

2 ndly—It dissolves the putt'id sab-- 
stances, which luippen to fall into it: and 

3rdly—It casts on the hank (by its 
current) such substances, as it cannot 
dissolve. 

Q Why does running water oscillate 
and WHIRL in its current? 

A. 1st—Because it impinges against 
its banks, and is perpetually diverted from 
its forward motion : and 

Qndly—Because the centre of a river 
flows faster, than its sides. 
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Q. Why do the sides oj a river flow more 
TARDILY, than its centre? 

A. Because they rub against the 
banks, and are delayed in their current 
thereby. 

Q. JVhy does soapy water bubble ? 

A. Because the soap makes the water 
tenacious; and prevents the bubbles from 
bursting^ as soon as thfey are formed. 

Q. Why will tiot water bubble without soap ? 

A. Because it is not tenacious enough 
to hold together the bubbles that are 
formed. 

Q. WJmi SOAP BUBBLES are blown from a 
pipe, why do they ascend ? 

A. Because they are filled with warm 
breathy which is lighter than air. 
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Q. What is ice ? 

A. Frozen water. When the air 

1 a 3 



is reduced to 32 degrees of heat, water 
will no longer remain in a fluid state, 

Q. ^Vhy is solid ice lighter than water ? 

A. Because water expands by freez¬ 
ing ; and as the hulk is increased^ the 
gravity must be less. 

Nine cubic inches of water become ten when frozen. 

Q. Why do ewfrs break in a frosit night ? 

A. Because the water in ihemfreezes ; 
and as the water is expanded by frost, 
it bursts the ewers, to make room for its 
increased volume. 

Q. Why does it not expand upwards (like 
boiling wate^'J, and run over ? 

A. Because the surface is frozen first; 
and the frozen surface acts as a plug, 
which is more diificult to burst, than the 
earthen ewer itself. 

Q. Why do tiles, stones, and rocks, often 
SPLIT in ivmter 1 

A. Because the moisture in them 
freezes ; and, by its expansion, splits the 
solid mass, 

Q. In winter time, foot-marks and wiieel- 
KUTs are often covered ivith an icy net-work, 
through th interstices oj which the soil is clearly 
seen, — Why does the water freeze in net-work ? 
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A. The water in these hollows freezes 
first at the sides of the foot-prints : other 
crystals gradually shoot across the water, 
and would cover the whole surface, if the 
earth did not absorb the water, before it 
had time to freeze. 

Q. In winter time, these foot-marks and 
WHEEL-RUTS (ire sometimesrn covered with a perfect 
shep:t of ice, and not an icy net-work ,— Why is 
THIS ? • 

A. The air being colder^ and the earth 
harder (than in the former case), the 
entire surface of the foot-print is frozen 
over, before the water is absorbed by the 
earth. 

Q. Why is not the ice solid in these ruts ?— 
WHY is there only a very thin film or net-work 
of ice ? 

A. Because the earth absorbs the 
watery and leaves the icy film behind. 

Q. Does not water expand by heat, as well as 

by COLD ? 

A. Yes ; it expands as soon as it is 
more than 42 degrees, till it boils; and 
then it flies off in steam. 

See figure on next page. 
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Preeziiisr water. Boiling water. 

.Wo 212o 



Here AB measures the bulk of a portion of water at 
413 degrees. 

It goes on increasing i»'i bulk to CD, when it boils. 

It also goes on increasing in bulk tp EF, when it freezes. 

Q. TV7ii/ do WATKR-PiPES frequently burst 
in FROSTY xveather P 

A. Because the water in them freezes ; 
and as the water expands hy frost, it 
bursts the pipes, to make room for its 
increased volume. 

Q. When does water begin to expand frcnn 
cold P 

A- “ Water (which is wisely ordained 
by God to be an exception to a very 
general rule) contracts till it is reduced 
to 42 degrees, and then it expands till it 
freezes. 

Water freezes at 32®. 

Q. Why does water expand when it freezes ? 

A. Because it is converted into solid 
crystals, which do not fit close, like the 
particles of water. 
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Q, Why is the water at the bottom of a river 

NEVER FBOZEN? 

A. Because, when water is colder than 
42 degrees, it instantly ascends to the 
surface; and (if it freezes) floats tliere^ 
till it is melted. 

Q. the wisdom of God in this wonderful 

exception to a general law. 

A. If ice were hea'tficr than water^ it 
would sink; aijd a river would soon 
become a solid block of ice, which could 
never he dissolved. 

Q. Why does not the cold ice on the surface 
of a river chill the water beneath, and ynake it 
freeze P 

A. 1st—Water is a very had conduc- 
tor, and is heated or chilled by convection 
only : 

2ndly—If the ice on the surface* were 
to communicate its coldness to the water 
beneath, the water beneath must com¬ 
municate its heat to the ice, and the ice 
would instantly melt : and 

3rdly—The ice on the surface acts as 
a shield, to prevent the cold air from 
penetrating the river, to freeze it below 
the mere crust. 
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Q. Why does water freeze at the surface 
Jh'st ? 

A. Because the surface is in contact 
with the ab\ and the air carries away its 
heat, 

Q. Wiiy does the coat of ice yrow thicker 
and THICKER, if the frost continues? 

A. Because the heat of the water 
(immediately below the frozen surface) 
passes through the pores of the ice into 
the cold air. 

Q. Why then are not whole rivers frozen 
(layer by layertill they become solid ice P 

A. Because water is so slow a con¬ 
ductor, that our frosts never continue 
long enough^ to convert a whole river into 
a solid mass of ice. 

Q. Why does not running water freeze so 
FAST as still icater ? 

A. 1st—Because the motion of the 
current disturbs the crystals^ and prevents 
their forming into a continuous surface: 
and 

2ndly—The heat of the under surface 
is communicated to the upper surface by 
the rolling of the water. 
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Q. When running nater is frozen, tchy is 
the ICE generally vei'y rough ? 

A. Because little flakes of ice are 
first formed and carried dorvn the stream^ 
till they met some obstacle to stop them; 
o^/ie/*flakesofice (impinging against them) 
are arrested in like manner; and the 
edges of the dilFerent flakes overlapping 

each other, 7nake the surface rough. 

« 

Q. Why do POME of a river freeze 

LESS tluni OTHERS l’ 

A. Because springs issue from the 
bottom, and (as they bubble upwards) 
thaw the ice, or make it thin. 

Q. When persons fall into a river in winter 
time, why does the water feel remarkably warm ? 

A. Because ihe ft osty ah is at least 
10 or 12 degrees colder than the water. 

Tlie water below tlie surface is at least 42°; buf Ibc air 
32°, or even less. 

Q. Why is shallow water frozen quicker 
than DEEP water ? 

A. Because (as the whole volume of 
water must be cooled to 42 degrees, 
before the surface can he frozen) it will 
take a longer time to cool down a deep 
bed of water, than a shalloiv one. 
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Q. TF% is SEA-WATER RARELY FROZEN? 

A. 1st—Because the of- water 
is so greaty that it requires a very long 
time to cool the whole volume down to 
42 degrees ; 

2ndly—The ebh cnul flow of the sea 
interfere with the cooling influence of the 
air: and 

3rdly— Salt n^ver freezes, till the sur¬ 
face is cooled down 26 degrees below 
freezing point. 

Q. Why do some lakes rarely (if ever) 
FREEZE ? 

A. 1st—Because they are very deep: 

and 

2ndly—Because their water is supplied 
by springs, which bubble from the bottom. 

Q. Why does the "depth of the water retard 
its FREEZING ? 

A. As the whole volume of water 
must be reduced to 42 degrees, before 
the surface will freeze, —the deeper the 
water, the longer it will be before the 
whole volume is thus reduced. 

Q. Why do springs at the bottom oj a lake 

PREVENT its FREEZING ? 
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A. Because they keep continually 
sending forth fresh, water, which prevents 
the lake from being reduced to the neces¬ 
sary degree of coldness. 

Q. Why is it colder in a thaw, than in a 
FROST ? 

A. When frozen water is thawed^ it 
absorbs heat from the air. See. to melt 
its ice; in consequence of which, the 
cold of the air is greatly increased. 

Q. If hy is it WARMER in a frost, than in a 

THAW ? 

A. When water freezes, it gives out 
its latent heat, in order that it may be 
converted into solid ice; and, as much 
heat is liberated from the water into the 
atmosphere, the air feels rvarmer. 

Q. Why does salt dissolve ice ? , 

A. Water freezes at 32°, but salt 
and water will not freeze till the air is 
25 degrees colder: if, therefore, salt be 
added to frozen water it becomes liquid, 
unless the thermometer stands below T, 
(which it ne'ver does in our island). 

Q. Will any thing do instead of salt? 

A. Yes j any acid, such as sulphu¬ 
ric, nitric, &c. K a 



.374 


ICE. 


Q. Why are salt and snow, mixed together, 
colder than snow ? 

A. When salt is mixed with snow, 
it dissolves the crystals into a duid; 
and whenever a solid is converted to a 
liquid, heat is absorbed^ and the cold 
made more intense. 

Q. Why does make the crack 

A. During the warm weather the 
earth absorbs abundance of moistare, 
which the winter freezes: and (as water 
expands by frost) the expanding water 
thrusts the particles of earth apart from 
each other, and leaves a chink or crack 
behind. 

Q. Show the wisdom oJ God in this ari'ange- 
ment. 

A. These cracks in the earth let in 
the air, the dew, the rain, and many 
gases favourable to vegetation. 

Q. Why does the karth c rumble in spring? 

A. In spring the ice of the clods 
dissolves, and the particles of earth 
(which had been held apitrt by the 
expanded ice) are left unsupported, and 
tumble into minute parts, (because their 
cement is dissolved^. 
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Q. Why does mortar crumble away in 

FROST ? 

A. Because it was not dried in the 
warm weather; therefore, its moisture 
freezes, expands, and thrusts the particles 
of the mortar away from each other; 
but (as soon as the frost goes) the water 
condenses, and leaves the mortar full of 
cracks and chiijks. 

Q. Why does stucco peel from a wall in 

FROSTY ueatlcr 'i 

A. Because the stucco was not dried 
in the warm weather; therefore, its mois¬ 
ture freezes, expands, and thrusts its 
particles away from the wall; but as soon 
as the water condenses again by the thaw, 
the stucco (being unsupported} falls by 
its own weight, 

Q. Why cannot bricklayers and plaster¬ 
ers work in frosty weather ? 

A. Because the bricks and plaster 
would start from their position, as soon 
as the frost came and expanded the 
mortar. 

Q. Why do bricklayers cover their work 
with STRAW in spring and, autumn? 


K a 2 
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A. Because straw is a non-conductor, 
and prevents the mortar of their new 
work from freezing ^ during the cold 
nights of spring and autumn. 

Q. Whii are water-pipes often covered nith 
STALL-LITTEU in winter time P 

A. Because straw (being a non-con¬ 
ductor) prevents the water of the pipes 
from freezing^ and the pipes from 
bursting, 

Q. Why are delicate trees covered with 

STRAW in WINTER? 

A, Because straw (being a non-con¬ 
ductor) prevents the^ajo of the tree from 
being frozen. 

Q. Can WATER he frozen in any way besides 

by frosty weather? 

A. Yes; in very many ways. For 
example—a bottle of water wrapped in 
cottoriy and frequently rvetted rvith ether, 
will soon freeze. 

Q. Why would water freeze if the bottle 
were kept constantly wetted with ether ? 

A. Because evaporation would carry 
off the heat of the water, and reduce it 
to the freezing point. 
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Q. Whydoes ethkr freeze umlcrthe receiver 

of at} wji-pnmp, uhen the air is exhausted ? 

A Because evaporation is very greatly 
increased by thedimimition of atmospheric 
pressure; and the ether freezes by evap¬ 
oration. 


FltEEZING MIXTURES. 

1. If nitre be dissolved in Wciter, the heat of the liquid 
will be reduced 10 degrees. 

2. If 5 oz. of nitr«, and 5 of sal-ammoniac (both finely 
powdered) be diss(dved in 19 oz. of w'ater, the heat of the 
liquid w’ill be rcauced 40 degrees. 

8. If 3 lbs. of snow be added to 1 lb. of salt, the 
mixture will fall to 0" degrees below freezing point b 

'I'lie two following are the coldest mixtures yet known.— 

1. Mix 3 lbs. of muriate of lime with 1 lb, of snow. 

2. Mix b lbs. of diluted sulphuric acid with 4 lbs. of siiow'. 

Q. Why is it more easy to swim in the sea, 
than in a river ? 

A. Because the specific gravity of 
salt water is greater than that of 'fresh ; 
and, therefore, it buoys up the swimmer 
better. 

Q. How do cooks ascertain, if their brixe he 
SALT ENOUGH for pickUiiy ? 

A. They put an egg into their brine. 
If the egg sinlcsy the brine is not strong 
enough ; if the floats, it is. 

K a 3 
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Q. Why will the egg sink if the brine be 
NOT STRONG enoiigli for pidding ? 

A. As an egg is heavier than water, 
it will sink if immersed therein \ but 
if as much salt be added as the water 
can dissolve, the egg will fioat, 

Q. Why will the egg float in strong brine ? 

A. Because the specific gravity of 
salt and water is greater than that of 
water only, 

Q. Why do persons sink in ivatevy when they 
are unskilful swimmers ? 

A. Because they struggle to keep 
their heads out of water. 

Q. How does struggling to hccp their head 
OUT of water' make them sink ? 

A. When the head is thrown back 
boldly into the water, (as the body is 
altogether lightery) the mouth is kept 
above the surfaccy and the swimmer is 
able to breathe : 

But when the skull is kept above the 
surface of the water, the chin and mouth 
sink beneath it, and the swimmer is 
suflfocated. 

This may be illustrated thus:—If a piece of wood be of 
such specific (?,iavity, that only two square inches can float 
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out of wntpr; it is manifest, that if two other inches nre 
raiseil oiity the two/ormer inches must be plunged in. Tlie 
body (in floating) resembles this piece of wood—If two 
square inches of the face float out of the water, the swimmer 
can breathe ; but if part of the bac^ and crown of the head 
be forcibly raised above the surface, a proportionable 
quantity of the face must be plunged in; and the mouth is 
covered. 

Q. Why can quadrupeds swim more ea sily 

than MAN ? 

A. 1st—Because Jthe trunk of quad¬ 
rupeds is lighter than water; and this is 
the greatest prfrt of them : and 

2ndly—Tlie position of a beast (when 
swimming) is a natural one. 

Q Why /s it more difficult for a man to 
subUy than for a beast ? 

A. 1st—Because his body is more 
heavg in proportion, than that of a beast: 
and 

2ndly—The position and muscular 
action of a man (when swimming) differ 
greatly from his ordinary habits; but 
beasts swim in their ordinary position. 

Q. Why can fat men swim more easily 

than SPARE pien ? 

A. Fat is lighter than water ; and the 
Jatter a man is, the more buoyant will 
he be. 
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Q. How are fishes able to ascend to the 
SURFACE of water 

A. Fishes have an air-blttchlcr near 
their abdomen: when this bladder is 
Jilled with air, the fish increases in size; 
and (being Hgliter) ascends through the 
water to its surface. 

Q. How are fishes able to dive in a minnic 
to the BOTTOM of a stream ? 

A. They expel the tf/r. frorn their air- 
bladder ; in consequence of whicli, their 
size is diminished^ and they sink instantly. 


CHAPTER XXVII. 


LIGHT. 


Q. LIGHT ? 

A. Rapid undulations of a fluid called 
ether, which are made sensible to the eye, 
by striking on the optic nerve. 

See p. 47. 

Q. Hpw FAST does light travel ? 

A. Light travels so fast, that it would 
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go eight times round the earth, while a 
person counts “ one.” 

Q, Does ALL light travel equally fasti 

A. Yes; the light of the sun,—the 
light of a candle,—or the light from 
houses, trees, and fields. 

Q. Where does the light of houses, trees, 
and FIELDS, come frcmi ? 

A. The light of the mn (or of some 
lamp or candle) is reflected from their 
surfaces. 

Q. Why are some surfaces brilliant (like 
glass and steelJy and others dull, like lead ? 

A. Those surfaces which reflect the 
most lighty are the most hnlliant; and 
those which absorb light are dull. 

Q. What is meant hy reflecting light? 

A. Throwing the rays of light back 
again, from the surface on which they 
fall. 

Q. What is meant hy absorbing light ? 

A. Retaining the rays of light on 
the surface* on which they fall; in conse¬ 
quence of which, their presence is not 
made sensible by reflection. 
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Q. JVA^ cart a thousand persons see the 
SAME OBJECT at the same time P 

A. Because it throws off from its 
surface an infinite number of rays in all 
directions; and one person sees one 
portion of these rays, and another person 
another, 

Q. Why is the eye pained by a sudden light P 

A. Because the nerve of the eye is 
burdened with raySy before the pupil has 
had time to contract. 

Q. Why does it give ns pain, if a candle he 
brought suddenly towards our bed at night lime P 

A. In the dark, the pupils of the eyes 
dilate very much, in order to admit more 
rays. When a candle is brought before 
them, the enlarged pupils allow the nerves 
behind to be overladen with rays, which 
causes pain. 

Q. Why CAN we bear the candle-light after 
a few moments P 

A. Because the pupil contracts again 
almost instantly; and adjusts itself to the 
quantity of light, which falls upon it. 

Q. Why can we see nothing, when we leave 
a WELL-LIGHTED room^ and go into the darker 
ROAD or strei't ? 
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A. Because the pupil (which cow- 
tracted in the bright room) does not 
dilate inslanianeously ; and the contracted 
pupil is not able to collect rays enough 
(from the darker road or street) to enable 
us to see before us. 

Q. Why do we ske better, whm we get 
USED to the dark ? 

A. Because* the pupil dilates a^ain, 
and allows mord rays to pass through its 
aperture; in consequence of which, we 
see more distinctly. s 

Q. If we look at the sun for a few momenUr^ 
why do all other things a}}pear dark ? 

A. Because the pupil of the eye 
(which was very much contracted by 
looking at the sun) is loo small to collect 
sufficient rays from other objects, to enable 
us to distinguish their colours. (See 
“accidental colours.”) 

Q. If we watch a bright fire for a few 
moments^ why does the room seem dark ? 

A. Because the pupil of the eye 
(which was very much contracted by 
looking at the fire) is too small to collect 
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sufficient rays from the objects around, 
to enable us to distinguish their colours. 

Q. Why can ue see the fbofer colour of 
every object again, after a few minutes? 

A. Because the pupil dilates again, 
and accommodates itself to the light 
around. 

Q. Why can tigers, cats, and owls, see in 
the dark ? 

A. Because they haye the power of 
enlarging the pupil of their eyesy so as to 
collect several scattered rays of light; in 
consequence of which, they can see 
distinctlyy when it is not light enough for 
us to see any thing at all, 

Q. Why do CATS and owls sleep almost 
all DAY ? 

A. As the pupil of their eyes is very 
hroady daylight fatigues them; so, they 
close their eyes for relief. 

Q. Why do cats hecji winkikg, when they 
sit before a fire ? 

A. As the pupil of their eyes is very 
broad, the light of the fire pains them; 
and they keep shutting their eyes, to 
relieve the sensation of too much light. 
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Q. Why do tigers, cats, owls, Sc. prowi. 
hy NIGHT for prey? 

A. As these animals cannot see 
distinctly in strong dayUght, they sleep 
during the day: and as they can see 
clearly in the dark, they prowl then for 
prey. 

Q. Why do glow-worms glisten hy night 
only ? • 

A. Because the light of day is so 
strong, that it eclipses the feeble light of 
a glow-worm: in consequence of which, 
glow-worms are invisible by day, 

Q. Why can we not see the stars in the 

DAY-TIME ? 

A. Because the light of day is so 
powerful, that it eclipses the feeble light 
of the stars: in consequence of which, 
they are invisible by day. 

Q. Why can we see the stars even at mid-day, 
froyn the bottom of a deep well ? 

A. As the rays of the sun never come 
directly over a well (in these regions), but 
the rays ofImany stars do; therefore, the 
light from those stars (in such a situation) 
is more clear, than the light of the sun, 

L a 



386 


LIGHT. 


\ Q. What is the use of two kyls, since they 
present only one iniaye of any object 

A. The use of two eyes is to increase 
the light, or take in mo7'e rays of light 
from the object looked at; in order that 
it may appear niore distinct, 

Q. Why do nr notatt thinys double, icith 

TWO EYES ? 

A. 1st—Because the a.ris of both 
eyes is turned to one object - and, therefore, 
the same impression is made on the ret'ina 
of each eye: and 

2ndly—The nerves (which receive the 
impression) have one point of union, 
before they reach the brain. 

This is not altogether satisfactory, altliough it is the 
explanation generally given. The phenomenon probably ia 
rather psychological, than material. 

Q. Why do we see ourselves in a glass ? 

A. The ravs of Imht from our face 

•/ ^ o ^ 

strike against the surface of the glass, and 
(instead of being absorbed) are reflected, 
or sent back again to our eye. 

Q. Why are the rays of light reflected by 
a MIRROR? 

A. Because they cannot throu<jh 
the impenetrable meial with which the 
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back of the glass is covered; so they 
rebound backy just as a marble would do, 
if thrown against a wall. 

Q. When a marble is rolled towards a waUy 
u'liat is the path iiirodgpi which it runs called ? 

A. The line of incidence. 

Q. When a marble rebounds back again, 
nhat Is the path it then de^rihes called P 

A. The line of keflection. 

Sep figure on p. 388. If AB be the line of incidence, 
then BC i.s the hue of reflection; and vice versa. 

Q. When the light of our face goes to the 
GL.ASS, what is the path through which it goes 
CALLED ? 

A. The line of incidence. 

Q. When the light of our face is reflected back 

again from the mirror, what is this returning 
called ? 

A. The line of reflection. 

Q. What is the angle of incidence? 

A. The angle between the line of 
incidence and the perpendicular. 

Q. Wl\fit is the ANGLE of reflection ? 

A. The angle between the line of 

reflection and the perpendicular. 

See figure on next pRge. 


L a 2 
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Let SS be any surface, PB a perpendicular to it.—If a 
marble were thrown from A to B, and bounded back to C ; 
then ABP would be called the angle of incidence, and CBA 
the angle of reflection. 

Q. Why does our reflection in a mirror seem 
to APPROACH US , as ive walk towards it; and to 
RETIRE FROM US , OS WE retire? 

A. Because the lines and angles of 
incidence are always equal to the lines and 
angles of reflection; in consequence of 
which, the image will always seem to be 
as far behind the mirror, as the real object 
is before it. 


KG C E 
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Suppose A to be n mirror—CA, EA and DA, FA the lines 
of incidencp ; then GA, KA and HA, and LA are the lines of 
reflection. When the arrow is at CD, its image will appear at 
GH,becouselineCA“GA,andline DA -HA; and also the angle 
CAB=aiigle GAB, and angle DABv_lIAB. Fora similar 
reason,if the urrowwere atEFthe imagcwoiild seem to be at KL. 

Q. Why can a man see his whole person 
reflected in a little mirror, not 6 inches in length ? 

A. Because the lines and angles of 
incidence are always eq^ual to the lines and 
angles of refection; in consequence of 
w'hich, his image will seem to be as far 
behind the mirror as his person is before it. 

Take the last figure—CD is miicli larger than the mirror 
AB; but the head of the arrow C is reflected obliquely 
beliind the mirror to G; and the barb D appears at H.— 
Why? Because line CA=AG and line DA=HA; also 
the angle CAB—angle GAB, and angle DAB---HAB. 

Q. Why does the image of any object in 
WATER always inverted ? 

A. Because the angles of incidence 
are always equal to the angles of refieclion. 






390 


LIGHT. 


Here the arrow head A strikes the water at F, and is 
reflected to D ; and the barb B strikes the water at E, and 
is reflected to C. 

If a spectator staiidM at G, he will see the reflected lines 
CE and DF, prod?iced as far as G. 

It is very plain tliat the more elevated object A will strike 
the water, and bo projected from it more perpendicularly, 
than the point B; and, therefore, the image will seem inverted. 

Q. When we see our reklectton in avater, 
whij do tve seem to stand on our head ? 

A. Because the ant/les of incidence 
are always equal to the angles of reflection. 

Suppose our head to be at A, and (mr feet at B; then the 
shadow of our head will be seen at D, and the shadow of 
our feet at C. (See last figure p, 3SJ)), 

Q. Why rfoAViNDows seem to blaze at sun¬ 
rise and SUN-SET ? 

A. Because glass is a good reflector 
of light; and the rays of the sun (striking 
against the window glass) are reflected, 
or thrown back. 

Q. Why do not windows reflect the noon-day 
rays also P 

A. They do, but the reflection is not 
seen. 

Q. Why is the reflection of the rising and 
SETTING sun seen in the window, and not that of the 
noon-day SH71 P 
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A. As the angle of incidence always 
equals the angle of reflectiony therefore 
the rays of the noon-day sun enter the 
glass too obliquely for their reflection to 
be seen. 


Sun nfar noon. 







Sun tieai tbe borizoii 


The- 


K 


Here AB represents a ray of the noon-day sun striking 
the window at B ; its reflection will be at C ; 

But DB (a rny of tl)o ri'siii" or setting sun) will bo 
reflected to Pi (the eye of the &i)ectator). 

Q. Why can we not see the reflection of 
the SUN in a viELL, during the day-time P 

A. Because the rays of the sun Jail 
so obliquely, that they never reach the 
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surface of the water at all, but strike 
against the brick sides. 



Let BLEC be the well, and DE the water. 

The ray AD strikes against the brick-work inside the 
well; and 

The ray AC strikes against the brick-work outside the 
well. 

None will ever touch die water BE. 

Q. Why are the stabs reflected in a well, 
although the sus is NOT ? 

A. The rays of those stars which 
pass nearly over head, will not fall so 
obliquely into the well, as the rays of the 
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sun and moon ; in consequence of which, 
they may be reflected from the water there. 

THE MOOM OR A STAR 

A 

I 



Here the star’s rays AB, AC, both strike the water DE, 
and are reflected by it. 

Q. Ill a sheet of water at noon, the sun 
appears to shine upon only one spot, and all the 
REST of the water seeins dark,—Why is this ? 

A. Because the rays (which fall at 
various degrees of obliquity on the water) 
are reflected at similar angles; but as 
only those which meet the eye of the 
spectator are visible, all the water will 
appear dark, but that one spot. 
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Here of the rays SA, SB, and SC, only the ray SC meei< 
tlio e} e of the spectator D. 

The spot C, therefore, will appear luminous to the spec¬ 
tator D, but no other spot of the water ABC. 

Q. On a lake of water the moon seems to make 
a p.vTil of I ’ujht towards the eye of the spectator^ while 
all the REST of the lake seems dark,— Why is this '? 

A- By DAY, the glare of the sun upon 
the lake eclipses the feebler reflections, 
and leaves only the most luminous spot 
visible to the spectator; but 

By NIGHT, the lake is in deep shadow^ 
and the whole path of light,is distinctly 
visible. 

Q. Why are more stars visible from a 
MOUNTAIN, than from a plain ? 

A. As the air absorbs diminishes 
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the higher we ascend, the Zm light 
will be absorbed. 

Q. Whxj docs the sun seeni larger at his 
iiisiNG and SETTING, than it does at noon ? 

A. Because the earth is surrounded 
by air, which acts like a magnifying glass ; 
and when the sun is near the horizon 
(as its rays pass through moi'e of this air), 
it appears larger. 



Here SC repres*ents a rjiy of the sun at noon, and MC a 
ray ol ilie suii luiar tlie horizon. 

DEG rciu'esents the air or atmosphere around the earth. 
Because EC is longer than DC, therefore the rays of tlie 
Min at ]\[ pass through more air, than the rays of the sun at 
S : and the effect of refraction in magnifying is increaxMl. 
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Q, Why does the rising and setting moon 
appear so much larger, than after it is risen 
higher above our heads ? 

A. Because the earth is surrounded 
by air, which acts like a magnifying glass ; 
and when the moon is near the horizon 
(as its rays pass through more of this 
air) it appears larger. (See last figure p. 396). 

Q. When canlles are lighted, we cannot 
SEE into the street or road ^— Why is this ? 

A. 1st—Because glass is a reflector, 
and throws the candle-light back into the 
room again; and 

2ndly—The pupil of the eye (which 
has become contracted by the light of the 
room) is too small to collect rays enough 
from the dark street, to enable us to see 
into it. 

Q Why do we often see the fire reflected 
in our parlour window in winter time? 

A. Because glass is a good reAector ; 
and the rays of the fire (striking against 
the window-glass) are reflected back into 
the room again. 

Q. Why do we often see the image of our 
CANDLES in the window, while we are sitting in our 
parlour ? 

A. Because the rays of the candle 
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(striking against the glass) are reflected 
hack into the room: and the darker the 
night, the clearer the reflection. 

Q. Why is this reflection more clear, if the 
external air he dark ? 

A. Because the reflection is not then 
eclipsed by the brighter rays of the sun, 
striking on the other sid^ o f the window. 

Q. llhy is the shadow of an object (thrown 
on the wcdlj large® aiid larger, the closer the 
object is held to the candlk ? 

A. Because the rays of light diverge 
(from the flame of a candle) in straight 
linesjJiVe lines drawn from the centre of 
a circle. 


r "‘''I 

• < 



Here the arrow A held close to the candle, will cast ihf 

M a 
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slijulow BF uu the wall. while the same arrow held at 0, 
would cast only the little shadow DE. 

Q. When ire enter a long avenue of tkees, 
WHY docs the avenue seem to get narrower and 
narrower^ till the lira sides appear to meet P 

A. Because the further the trees are 
off, the mere acute will be the angle^ that 
any opposite two make with our eye. 



Here the width between the trees A and B will seem to he 
as ffreat as the line AB ; 

But the width between the trees C and D will seem to be 
no more than EF. 

Q. In a long straight street, why do the 
houses on the ojiposite sides seem to approach 
NEARER together^ as they are more distant ? 

A. Because the more distant the 
houses are, the more acute will be the 
angle, whicli any opposite two make with 
our eye. 

Thus ill th»‘ last Ih^ure— 

If A and B were two housc.^? at the of the street, the 
Irei t would 'jei lu to Itp a'- wid" as the line AB: 
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And if C and D were two houses at the bottom of tlie 
street, the street there would seem to be no wider thsui EF. 

Q. In an avenue, why do the trees seem 
to he SMALLER, US their distance increases ? 

A. Because the further the trees are 
offy the more acute will be the angle 
made by their perpendicular height with 
our eye. 



Here tlie first tree AB will appear the height of the line 
AB; but the last tree CD will appear oulv as liigh as the 
line EF. 

Q. In a long straight street, why do the 
houses seem to he smaller and smaller, ^/KJd^URTiiER 
they are off ? 

A. Because the further any house is 
off^ the more acute will he the angle made 
by its perpendicular height with our eye. 


Thug in the last figure— 

If AB be a bouse at the top of the street, its perpendicuLar 
lieight will be that of the line AB. 

If CD be a house at the bottom of the street, its perpen¬ 
dicular height will appenr to be that of I^F. 

M a 2 
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Q. ^Vliif does a man on the top of a mo tin 
TAIN, or chvrch sjnre, seem to he no bigger than a 
CHOW? 

A. Because the angle made by the 
perpendicular height of the man (at that 
distance) with our eye^ is no bigger than 
that made by a crow close by. 


.. A 



Let AB be a man on a distant mountain or spire, and CD 
a ci'ow close by: 

The man will appear only as high as the line CD, which 
is the height of the crow. 

Q. Why does the moon appear to us so much 
BIGGER than the stars, though in fact it is a great 
deal SMALLER^ 

A. Because the moon is very much 
nearer to us, than any of the stars. 
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Let AB represent a fixed star, and CD tLe moon. 

AB, thongli much the larger body, will appear no bigger 
than EF: whereas the moon (CD) will appear as large as die 
line CD to the spectator G. 

The moon is 240,000 miles from the earth, not quite a 
quarter of a miJUon of miles. The nearest fixed stars arc 
20,000,000,000,000. (i. e. 20 billions.) 

If a ball went 500 miles an hour, it would reach the moon 
in twenty days: but it would not reach the neare.'st fixed 
star in 4,500,000 years. Had it begun, therefore, when 
Adam was created, it would be no further on its journey, 
than a couch (which has to §fo from the Land’s End, 
Cornwall, to the most northern parts of Scotland) after it 
has past about three-quarters of a mile. 

Q. Why does the moon f which is a sphere) 
APPEAR to be (I FLAT surfiice P 

A. Because it is so Jar off, that we 
cannot distinguish any difference, between 
the length of the rays which issue from 
the edge, and those which issue from 
the centre. 

A 


The rays AD and CD appear to be no longer, than the ray 
BD; but if all the rays seem of the same length, the part B 
will not seem to he nearer to us than A and C ; and therefore 
ABC will look Uke a fiat or straight line. 

The rays AD and CD are 240,000 miles long. 

The ray BD is 2r38,910 miles long. 

Q. Why do the sun and stars (which are 
spheres) appear to he flat surfaces P 
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A. Because they are such an immense 
way off, that we can discern no difference 
of length, between the rays which issue 
from the edge, and those which issue 
from the centre of these bodies. 

The rays AD and CD appear no longer than BD; and as 
B appears to be no nearer than A or C, therefore ABC must 
all seem equally distant; and ABC Trill seem a flat or 
straight line. {^See last Ji^iire,p, 401). 

Q. Why does distanci!; make an object 

INVISIBLE ? 

A. Because the angle (made by the 
perpendicular height of the distant object 
with our eye) is so very acute, that one 
line of the angle merges in the other. 

A 


Here the tree AD would not he visible to the spectator C, 
even if he were to apijroach as far as B; because no visible 
perpendicular can be inserted between the two lines AC, 
DC, till after the point B is past; when Uie tree will appear 
like a very little speck. 

Q. Why do TELESCOPES enable its to see 
objects INVISIBLE to the naked eye ? 

A. Because they gather together 
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more luminous rays from obscure objects, 
than the eye can; and form a bright 
image of them in the tube of the teles¬ 
cope, where they are magnified. 

As many times as the dimensions of the ohject-glasst 
exceed the dimensions of the pupil of the eye\ so many 
times the penetrating powers of the telescope, will exceed 
that of the naked eye. 

Q» When a ship (out at sea) is approackinrj 
the shore, why do m see the small masts before we 
see the bulky hull ? 

A. Because the earth is round; and 
the curve of the sea hides the hull from 
our eyes, after tlie tall masts have become 
visible. 



Here only that part of the ship above the line AC, can be 
seen by the spectator A; the rest of the ship is hidden by 
the swell of the curve DK. 

Q. What is meant by refraction } 

A. The bending of a ray of lights 
as it passes from one medium*to another. 
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Q. How is a ray of light bent, as it passes 
from one medium to another ? 

A. When a ray of light passes into a 
denser medium, it is bent towards the 
perpendicular. When it passes into a 
rarer medium, it is bent from the per¬ 
pendicular. 



Suppose DE to be a perpendicular line. 

If AB (a ray of light) enters the water, it will be bent 
towards the pei*pendicular to C. 

If (on the other hand) CB (a ray of light) emerges.//-07/i 
the water, it would be bent away from the perpendicular, 
towards A. 

Q. Why does a spoon (in a glass of water) 
always appear bent ? 

A. Because the light (reflected from 
the spoon) is refracted^ as it emerges from 
the water. 

And the spoon looks like ABC. {See the lastfgvre.) 
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Q. docs a river always appear more 

shallow, than it really is ? 

A. Because the light of the bottom of 
the river is refracted, as it emerges out 
of the water: and (as a stick is not so 
long when it is bent, as when it is straight) 
so the river seems less deep, than it 
really is. 

Q. How ynucli deeper is a river, than it seems 
to be P 

A. One«third. If, therefore, a river 
seems only 4 feet deep, it is really 6 feet 
deep. 

N. B. Many boys get out of their deptli in bathing, in 
consequence of this deception. Bemember, a river is 
always one-third deeper, than it appears to be :—thus, if a 
river seem.s to be 4 feet deep, it is in reality 6 feet deep, 
and so on. 

Q. TVhij do fishes always seem to he nearer 
the surface of a river, than they really are 

A. Because the rays of light from the 
fish are refracted, as they emerge from the 
eye: and (as a bent stick is not so far 
from end to end, as a straight one), so the 
fishes appear nearer our eye, than they 
really are. 

Q. Why are some persons near-sighted ? 

A. Because the cor'nea &f their eye 
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is SO prominent, that the image of distant 
objects is formed, before it reaches the 
RET'iNA j and, therefore, is not distinctly 
seen. 


Q. 


EYE 


»» 


What is meant hy the “ coe'nea of the 


A. All the outside of the visible part 
of the eye-balL 



The curve ABC is ctdled the 

CORINE A, 

If tliis curve be too i)romiiient 
(orconvex),thccyeisnear sighted. 

If too tint (or concave), the eye 
is far-sighted. 


Q. What is meant hy the “RET'iNA of the 
EYE 

A. The net-work, which lines the 
back of the eyCy is so called. 



The net work ABC is called the ret'- 
ina, and the projecting part DEF is 
called the cor'nca. 

N. B. This net-work is poinposed of 
a spreading-out of the fibres of the 
nerve of vision. 


Q. What sort of glasses do near-sighted 
jicrsons wear ? 

A. If the cor'nea be too convex (or 
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projecting), the person must wear double 
concave glasses, to counteract it, 

Q. What is meant by “ double concave 

GLASSES ? ’ 

A. Glasses hollowed-in on both sides. 


\ I The figure A is double concave, or concave on 
A I I both sides, 

^^ • 

CJ What is meant by the image of objects 
heinq formed^ UEFoiiElif reaches the iiet'ixa?” 

A. If th v3 cor'nea be too convex, the 
image of a distant object is formed in tlie 
vitreous humours of the eye, and not on 
the ret'ina. 



Thus the image is lonncd at 1)E ; 
and not on ABC (the retina). • 


Q. What is the use of double concave 
SPECTAC i.E yhisses ? 

A. To cast the image further lack; 
in order that ‘it may be thrown upon the 
ret'ina, and become visible. 

Q ^Vhy are old [tenple fau-SIOHTED P 
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A. Because the humours of their eyes 
are dHed up hy age; in consequence 
of which, the cor'nea sinlis in, or becomes 
flattened. 

Q. Why does the flattening of the cor'nea 
prevent j>ersons seeing objects which are near? 

A. As the cor'nea is too flat, the 
image of any near object is not completely 
formed, when the rays reach the ret'ina ; 
in consequence of which, the image 
appears to be imperfect and confused. 


c 


P 


Q. What sort of glasses do old 2 )eople 

WEAR ? 

A. As their cor'nea is not sufficiently 
convex, they must use double convex 
glasses, to enable them to see objects 
near at hand. 

Q. What sort of glasses are “ double convex 

SPECTACLE-GLASSES ” ? 



The perfect image is matle at DE ; 
aiul uot on ABC (the retina). 
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A. Glasses which curve outwards on 
both sides. 


A 


The figure A is double convex, or convex on 
both sides. 


Q. What is the use of double convex 
spectacle-glasses ? • 

A. They shorten the focus of the eye ; 
and (if a person be far-sighted) bring the 
image into the eye, upon the ret'ina. 

Q. Why do near-sighted persons bring 
objects CLOSE to the eye, in order to see them? 

A. As the distance between the front 
and hack of the eye is too great, the 
image of distant objects is formed in front 
of the ret'ina; but when objects are 
brought very near to the eye, their image 
is thrown further hack, and falls on the 
ret'ina. 

Q. Why do old people hold objects far 
OFF, in order to see them better ? 

A. Because the distance between the 
front and hack of their eyes is not great 
enough; and when objects arc held further 



410 


LIGHT. 


off, this defect is compensated, and a 
perfect image formed on the retina. 

Q. Why are hawks able to see such an im¬ 
mense way off? 

A. Because they have a muscle in 
the eye, which enables them to flatten 
their cor^nea^ by drawing back the crystal¬ 
line lens. 

Q. Why can hawks see objects within half- 
an-inch of their eye^ as well as those a long way off'? 

A. Because their eyes are furnished 
with a broad circular rim; which confines 
the action of this muscle, and throws the 
coi^nea forward. 

Q. Bito how many parts may a ray of light 

he DIVIDED ? 

A. Into three parts: Blue, Yellow, 
and Red. 

N. B. These three colours, by combination, make seven. 
1.— Red. 2.—Oh anoe (or red and yellow). 3.— Yellow. 
4. —Green (or yellow and blue). 5.— Blue. 6. — Indioo 
(a shade of blue), and 7. — Violet (or blue and red). 

Q. How is it known, that a ray of light 
consists of several different colours ? 

A. Because, if a ray of light be cast 
upon a triangular piece of glass (called 
a prism), it will be distinctly divided into 
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seven colours: 1.—Red; 2.—Orange ; 
3.—Yellow; 4. — Green; 6.—Blue; 
6.—Indigo; and 7.—Violet. 

Q. Why does a prism divide a ray of light 

into VARIOUS COIiOURS ? 

A. Because all these .colours have 
different refractive susceptibilities. Red 
is refracted least, and blue the most; 
therefore, the blue colour of the ray will 
be bent to the top of the prism, and the 
red will remain at the bottom. 



Here the ray AB (received on a prism), would have the 
blue part bent up to C ; the yellow part to D; and the red 
part no further than E. • 

Q. What is meant by the refraction of a ray P 

A. Bending it from its straight line. 

Thus the ray AB of the last figure is refracted at B into 
three courses, G, D, and E. 

Q. What is the cause of a rainbow ? 

A. When the clouds opposite the 
sun are very dark, and rain is still falling 
from them, the rays of the bright sun are 

N a 2 
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divided hy the rain-drops, as they would 
be by a prism. 



Let A, B, and G be three drops of rain; SA, SB, and SC, 
three rays of the sun. SA is divided into the 3 colours; 
the blue and yellow are bent above the eye B, and the red 
enters it. 

The ray SB is divided into the three colours; the blue 
is bent above the eye, and the red falls below the eye D; 
but the yellow enters it. 

The ray SC is also divided into the three colours. The 
blue (which is bent most) enters the eye; and the other 
two fall below it. Thus the eye sees the blue of G, and of all 
drops in the position of C ; the yellow of B, and of all drops 
in the position of B; and the red of A, and of all drops in 
the position of A; and thus it sees a rainbow. 

Q. Does EVERY person see the same colours 
from the same drops ? 
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A. No; no iroo persons see ihe same 
rainbow. 

To another spectator the rays from SB might be 
instead of yellow; tlie ray from SC, yellow; and the blue 
might be reflected from some drop below C. To a third 
person the red may issue from a drop above A, and then A 
would reflect the yellow, and B the blue, and so on. 

Q. W liy are there often two rainbows, at one 

and the same time ? 

A. In one rainbow we see the rays of 
the sun entering the rain~drops at the 
top^ and reflected to the eye from the 
bottom. 

In the other rainbow, we see the rays 
of the sun entering the rain^drops at the 
bottom, and reflected to the top, whence 
they reach the eye. 



Here the ray SA strikes the drop at A,—is refracted or 
bent to B,—is then reflected to 0, where it is refracted again, 
and reaches the eye of the spectator. {S*e p. 414). 

N a 3 
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Here tlie ray SB strikes Hie drop at B,—is refracted to 
A,—is tlieii reflected to C,—is again reflected to D, when it 
is again refracted or bent, till it reaches the eye of the 
spectator. 

Q. IVhy are the colours of the second how 
all REVERSED ? 

A. Because in one bow we see the 
rays, which enter at the top of the rain¬ 
drops, refracted from the bottom: 

But* in the other bow we see the rays, 
which enter at the bottom of the rain¬ 
drops (after two reflections), refracted 
from the top. 

See figure on next page. 

Here ABC, represent three drops of rain in the niiMARY 
(or inner) rainhow. 

The leiist refracted line is bed, and blue the most, 

^■'8o the BED (or least refracted rays) of all the drops in 
tile position of A,—the yellow of diose in the position of 



BAINBOW, 


415 



B,—anil the blub (or the mosi refracted rays) of the lowest 
drops, all meet the eye D, and form a rainbow to the 
spectator. 

The reason why the primary bow exhibits the stronger 
colours is this—because the colours are seen after one 
reflection and two refractions; but the colours of the 
secondary (or upper) rainbow, undergo two reflections and 
two refractions. 

{See figure on p. 412.) Here also the least refracted ray 
is BED, and the most refracted blue (as in the former case) ; 
but the position of each is reversed. 

Q. Why does a soap bubble exhibit smh 
VAEIETI of COLOURS ? 

A. The changing colour of the bubble 
depends upon the changing thickness of 
the film thi’ough which the ray passes. 

Q. How does the thickness ofjihe film affect 
the COLOUR of the soap bubble ? 
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A. Because difTerent degrees of thick¬ 
ness in the film produce different powers 
of refraction; and, therefore, different 
colours reach the eye. 

Q. Why is the soap bubble so constantly 

CHANGING its TIIICIiNESS ? 

A. As the bubble is suspended^ the 
water runs down, from the top to the 
bottom of the bubble, till the crown 
becomes so thin as to burst. 

Q. Why are the late evening clouds red ? 

A. Because the sun’s rays have to 
traverse a great thickness of atmosphere ; 
and as red rays are the least refrangible, 
they are the last to disappear. 



Here it will be seen that the red ray PA, may bo visible; 
while the yello^ and blue rays are hidden by the curve 
of the earth. 
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Q. Why are the early moknino clouds eed ? 

A. Because the sun’s rays have to 
traverse a great thickness of atmosphere ; 
and as red rays are the least refrangible^ 
they are the^r6*^ to appear. 

See laat figure. —It is evident that PA (tlie red rays) will 
be visible, before either the yellow or Blue ones. 

Q. What becomes of the blue and yellow 
rays ? • 

A. They are refracted below the 
horizon, and ate made invisible by the 
curve of the earth. fSee last figure.J 

Q. Why are the edges of clouds more 
LUMINOUS, than their centres ? 

A. Because the body of vapour is 
thinnest at the edges of the clouds. 

Q. What is the cause of morning and evening 

TWILIGHT ? 

A. When the sun is belqw the 
horizon, the rays (which strike upon the 
atmosphere or clouds) are bent down 
towards the earth, and produce a little 
light, called twilight. 

See figure onn. 416.—Here the rays of PA will give some 
light. 

Q. Why is a ray of light composed of 
various colours ? 
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A. If solar light were of one colour 
only, all objects would appear of that one 
colour, or else black. 

Q. Why are some things of one colour, and 

some of ANOTHER ? 

A. As every ray of light is composed 
of all the colours of the rainbow; some 
things reflect one, oj" these colours, and 
some another. 

Q. Wnr do some things reflect one colour, 
and some another ? 

A. Because the surface of things is 
so differently constructed, both physically 
and chemically j and, therefore, some 
things reflect one ray; some two rays; 
some all the rays; and some none. 

Q. . Why is a rose red ? 

A. Because the surface of a rose 
absorbs the blue and yellow rays of light, 
and reflects only the red ones. 

Q. Why is a violet blue ? 

A. Because the surface of the violet 
absorbs the red and yellow rays of the 
sun, and reflects the blue only. 
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Q. Why is a primkose yellow ? 

A. Because the surface of the prim¬ 
rose absorbs the blue and red rays of 
solar lights and reflects the yellow ones. 

Q. Why are some things black ? 

A. Because they absorb all the rays 

V # ir 

of light, and reflect none. 

Q. Why are some things white ? 

A. Because they absorb none of the 
rays of light, but reflect them all. 

Q. Why are coals black ? 

A. Because they absorb all the rays 
of the suHy which impinge upon them. 

Q. Why are snow, sugar, and salt, white ? 

A. Because they consist of a vast 
number of small crystals, which reflect 
the various rays of light from different 
points; and as these crystals are very 
numerous, the colours unite again before 
they meet the eye, and appear white. 

N. B, The comhinatiou of all colours makes white. 

Q. Why are the leaves of plants green? 

A. Because a peculiar chemical prin¬ 
ciple, called chlorophyll,* is formed within 
their cells; which has the property of 

■7 

* Chlo^rophyll {^u>pov ^vXXov, a grr^n leaf) is the 
green matter of vegetable substances. 
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absorbing the red rays, and of reflecting 
the blue and yellow, which (being mixed 
together) produce green. 

Q. Why are leaves a light green in spring ? 

A. Because the chlorophyll is not 
fully formed. . 

Q. Why are haves a yellowish brown in 

AUTOMN ? 

A. Because the chlorophyll under¬ 
goes decay ; and is not replaced, as it is in 
spring. 

Q. Why are plants a pale yellow, when 
kept in the dark ? 

A. Because chlorophyll can be form¬ 
ed only by the agency of the sun's rays. 

Q. Why are potatoes yellow? 

A. Potatoes are grown underground ; 
and, therefore can form no chlo'rophyll 
in their tubers. 

Q. Why are potatoes (which grow exposed 
to the air and light) green?.. 

A. Because chlo'rophyll is formed in 
them, under the influence of the sun’s 
light. 

Why are some things (like glass) trans- 

4 
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A. In transparent bodies (like glass) 
all the rays of light emerge on the opposite 
side. 


Q, Why are some things shining and 
others dull ? 

A. Because some things reflect rays, 
and are bright; but others absorb them, 
and are dull, 

Q. Why are desekts so dazzling in summer 

time P • 

A. Because each separate grain of 
sand reflects the rays of the sun^ like a 
mirror. 

Q. If you move a stick (hiirfit at one end) 
HOUND imetty briskly, it seems to make a circle of 
FIRE,—Why is this P 

A. Because the eye retains the image 
of any bright object, after the object itself 
is withdrarvn; and as the spark of the 
stick returns, before the image has faded 
from the eye, therefore, it seems to form 
a complete circle, 

Q. If separate figures (as a man and a horse) 
be drawn on separate sides of a card, and the card 
TWISTED quickly, the man will seem to he seated on 
the horse ,— Why is this P 


o a 
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A. Because the image of the horse 
remains upon the eye, till the man appears. 

The Thaumatrope is constructed on this principle. 

Q. TVhi/do the STARS twinkle? 

A. Fixed stars are so far offy that 
their rays of light do not strike upon the 
eye in a continuous flowy but at intervals : 
during these intervals, the star is invis¬ 
ible ; and this perpetually occurring, 
makes a kind of tivinklirtg. 

Some persons say, that the stars are so far off, that the 
minutest opaque particles, floating between them and the eye, 
will obscure them for the moment; and that these frequent 
obscurations produce tlie twinkling. 

Q. If ive look at a RRO-hot fire for a few 
minutes, why does every thing seem tinged with a 
BLUISH colour ? 

A. Because bluish green is the 
ACCiPENTAT. COLOUR” of red: and if 
we fix our eye upon any colour whatsoevery 
when we turn aside, we see every object 
tinged with its accidental colour, 

Q. What is meant by the accidental colour? 

A. The colour, which would be re¬ 
quired to be added, in order to make up 
white light. 
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Q. Why does the eye ;[)erceive the accidental 
COLOUR, when the fundamental one is removed ? 

A. Because the nerve of the eye has 
become tired of the one, but still remains 
fresh for the perception of the other. 

Q. If ive wear blue glasses, ivhy does every 
thing ajypear tinged with orange, when we take 
them off. 

A. Because orange is the accidental 
colour'' of blue : and if we look through 
blue glasses^ we shall see its accidental 
colour^" when we lay our glasses aside. 

Q. If we look at the sun for a few moments, 
everu thing seems tinged with a violet colour ,— 
Wii\ is this ? 

A. Because violet is the “ accidental 
colour” of yellow; and as the sun is 
yellow, we shall see its “accidental colour” 
blue, when we turn from gazing at it. 

Q. Does not the dark shadow (which seems 
to hang over every thing, after we turn from looking 
at the sun) arise from our eyes being dazzled ? 

A. Partly so: the pupil of the eye is 
very muc\ contracted by the brilliant light 
of the sun, and does not adjust itself 
immediately to the feebler light of terres¬ 
trial objects; but, independent of this, 

o a 2 
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the “ACCIDENTAL COLOUR” of the sun 
being dark violet, would tend to throw a 
shadow upon all things. ('See p. 383). 

Q. Why is black glass for spectacles the 
BEST for weary in this respect ? 

A. Becausp white is the accidental 
colour of black; and if we wear black 
glasses, every thing will appear in white 
light, when we take them off. 

Q. Why does every iJilng seem shadowed with 
a BLACK MIST, when we take off our common 
SPECTACLES ? 

A. Because the glasses are white; 
and black being its “ accidental colour,” 
every thing appears in a black shade, 
when we lay our glasses down. 

The accidental colour of red is bluish green. 

„ „ „ of orange „ blue. 

„ „ „ of violet „ yellow. 

„ it „ of black „ white. 

And the converse of this is true:— 

The accidental colour of bluish green is red. 

„ „ „ of blue „ orange. 

„ „ ,, of yellow „ violet. 

„ „ „ of white „ black. 

(The law of an accidental colour is this—The accidental 
colour is always half the spectrum. Thus, if we take half 
the length of the spectrum by a pair of compasses, and hx 
one leg in any colour, the other leg will hit upon its 
accidental colour.) 
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N.D. The spectrum means Hie seven colours (red, 
orange, yellow, green, blue, indigo, and violet,) divided into 
seven equal bands, and placed side by side in the order 
just mentioned. w 


CHAPTER X^^VIII. 


SOUrQD. 


Q. How is SOUND produced ? 

’ A. The vibration of some sonorous 
substance produces motion in the air, 
called SOUND waves; which strike upon 
the drum of the ear^ and give the sensation 
of sound. 

Q. What are musical sounds? 

A. Regular and uniform successions 
of vibrations. 

Q. How FAST does sound travel? 

A. About 13 miles in a minute, or 
\\4’Z feet in a second of time. 

Light would go 8 times round the whole earth, while 
sound is going its 13 miles. 

Q. Why arc some things sonorous, and 
others not ? « 


o a ^ 



426 


SOUKD. 


A. The sonorous quality of any 
substance, depends upon its hardness 
and elasticity. 

^ Q. Why are copper and iron sonorous, 
^and not liEAD ? 

A. Copper and iron are hard and 
elastic; but as lead is neither hard nor 
yet elastic, it is not sonorous. 

Q. Of what is bell-metal made ? 

A. Of copper and tin in the following 
proportions;—In every 5 pounds of betl- 
metal, there should be 11b. of tin, and 
4 lbs, of copper. 

Q. Why is this mixture of tin and co2:iper 
used for bell-metal ? 

A. Because it is much harder and 
more elastic, than any of the pure 
metals. 

Q. Why is the sound of a hell stopped, by 
TOUCHING the bell ivith our fniyer ? 

A. The weight of the finger stops 
the vibrations of the bell; and as soon as 
the bell ceases to vibrate, it ceases to 
make sound-waves in the air. 

Q. Why does a split bell make a hoarse 
disagreeable so':.nd P 
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A. Tlie split of the bell causes a 
double vibration; and as the sound¬ 
waves clash and jar^ they impede each 
other’s motion, and produce discordant 
.sounds. 

f). Why does a fiddle-string give a musical 
sound ? 

A. The bow drawi> across the string 
causes it to vibrate ; and this vibration of 
the string s.jts in motion the sound-waves 
oflhe air, and produces musical notes. 

Q. Why does a drttm sound ? 

A. The parchment head of the drum 
vibrates from the blow of the drum-stick, 
and sets in motion the sound-waves of 
the air. 

Q. Why do musical glasses give sounds P 

A. Because the glasses vibrate as 
soon as they are struck, and set in motion 
the sound-waves of the air. 

Q. Why do flutes, Sc. produce musical 
sounds P 

A. The* breath of the performer 
causes the air in the flute to vibrate; and 
this vibration sets in motion the sound¬ 
waves of the air. 



428 


SO¥ND. 


Q. Whj do PIANO-FORTES produce musical 
sounds ? 

A. Each key of the piano (being 
struck with the finger) lifts up a little 
hammer, which knocks against a string; 
and the vibration thus produced, sets in 
motion the sound-waves of the air. 

Q. Why are Some notes bass, and some 

TREBLE? 

A. Slow vibrations produce hass or 
deep sounds; whereas quick vibrations 
produce shrill or treble sounds. 

Q. Why is an instrument flat, when the 
STRINGS are unstrung? 

A. Because the vibrations are too 
slow; in consequence of which, the 
sounds produced are not shrill or sharp 
enough. 

Q Why can persons, living a mile or two from 
a town, HEAR the bells of the town-church some 
TIMES, and not at others? 

A. Fogs, rain, and snow, obstruct 
the passage of sound 3 but when the air 
is cold and clear^ sound is propagated 
more easily. 

Q. W]^‘v can we not hear sounds (as those of 
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distant church hells) in rainy weather^ so v'cll us 
in FINK weather P 

A. Because the falling rain interferes 
with the undulations of the sound-waves, 
and breaks them up. 

Q. Whij Cfinwe uot hear soi^nds (as those of 
distant church bells ) in snowy weather , so well as 
in FINE weather P 

A. Because the falling snow interferes 
with the undulations of the sound-waves, 
and stops their progress. 


Q. Whij can we hear distant clocks most 
distincili/ in ci.ear cold u'cather P 

A. Because the air is of more uniform 
density, and generally still; and there 
are no currents of air to interrupt the 
sound-waves. 


Q. Wbif can j^ersons (near the poles), hear 
the VOICES of men in conversation for a mile Histant, 
in winter time P 

A, Because the air is very cold, clear, 
and still; in consequence of which, there 
are no currents of air to interrupt the 
sound-wave». 

Ciixitiiin Ross heard the voices of his men in eonversaliou, 
a mile and a half from the spot where they stood. 

Q Why are not sounds (such^as those of 
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distant church bells) heard so distinctly on a hot 
DAY, as in FROSTY weather ? 

A. 1st—Because the density of the 

air is less tiniform in very hot weather: 

2 ndly—It is more rarefied; and, 
consequentlyf a worse conductor of 
sound: and 

3rdly—It is more liable to accidental 
currents, which impede the progress of 
sound. 

Q. Why can we not hear sounds (such as 
those of distant clocks) so distinctly in a thick ' 
MIST or HAZE, as in a clear niyht P 

A. Because the air is not of uniform 
density, when it is laden with mist; in 
consequence of which, the sound-waves 
are obstructed in their progress. 

Q. Why do we hear sounds better by night 
than by day ? 

A. 1st—Because night air is of more 
uniform density, and less liable to acci¬ 
dental currents: and 

2 ndly—Night is more still, from the 
suspension of business, and the cessation 
of the hum of men. 
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Q. Why is the air of more uniform density 
by NIGHT, than it is by day ? 

A. Because it is less liable to acci¬ 
dental currents; inasmuch as the 
breezes (created by the action of the 
sun’s rays) generally cease during the 
night. 

Q. How should pabtitton walls he made, to 
PREVENT the voices in adjomwg rooms from being 
HEARD ? 

A. The space between the laths (or 
canvass) should be filled with shavinc/s or 
^ sarV’dust; and then no sound would ever 
pass from one room to another. 

Q. Why tcoukl shavings, or saw-diist, pre¬ 
vent the transmission of sound from room to room ? 

A. Because there would be several 
different media for the sound to pass 
through: 1st—the air; 2ndly—the Jaths 
and paper; 3rdly—the saw-dust or sha¬ 
vings ; 4thly—lath and paper again; 
Sthly—the air again ; And every change 
of medium diminishes the strength of the 
sound’-waves^ 

Q. Why can deaf people hear through an 
EAR-TRUMPET ? 

A. The ear-trumpet restrains Ihc 
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spread of the voice, and limits the 
diameter of the sound-rvaves; in con¬ 
sequence of which, their strength is 
increased. 

Q. Why are mountains noiseless and quiet P 

A. Because the air of mountains is 
very rarefied; and as the air becomes 
rarefied, sound becomes less intense, 

Q. How do you know, that the eabety of air 
DIMINISHES the intensity of sound ? 

A. If a bell be rung in the receiver 
of an air-pump, the sound becomes 
fainter and fainter, as the air is exhausted; 
till at last it is quite inaudible, 

Q. What is the came of echo ? 

A. Whenever a sound-wave strikes 
any obstacle (such as a wall or hill), 
it is nfleeted (or thrown back); and this 
n: Jlcctcd sound is called an echo. 

'J’he yaiiie laws govern eclio as light. \^Si‘v p. 370). 

Q. What places are most famous for echoes? 

A. Caverns, grottoes, and ruined 
abbeys ; the areas of halls; che windings 
ol long passages; the aisles of cathedral 
churches; mountains, and icebergs. 
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Q. Why are caverns^ grottoes, and ruim, 

FAMOUS/or ECHOES ? 

A. 1st—Because the sound-waves 
cannot pass beyond the cavern or grotto, 
and, therefore, must flow hack: and 

2 ndly—The return-waves (being en¬ 
tangled by the cavern) are detained for a 
short time, and come deliberately to the 
ear. * 

Q. Why are halls, winding passages, and 
cathedral aisles, famous for echoes ? 

A. Because the sound-waves cannot 
flow freely forward; but strike against 
the winding walls perpetually, and are 
beaten back, 

Q. Why are mountains and ice-hergs famous 
for echoes ? 

A. Because they present a barrier to 
the sound-waves, which they cannot pass ; 
and are sufficiently elastic to throw them 
back. 

Q. Why do not the walls of a room or 
church prod'tdce echo ? 

A. Because sound travels with such 
velocity, that the echo is blended with the 
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original sound; and the two produce 
but one impression on the ear. 

Sound travels 13 miles in a minute; and no echo is beard, 
unless the surface (against which the sound strikes) is 65 
feet from the place, whence the sound originally proceeded. 

Q. Why do very large buildings (as cathe¬ 
drals ), often REVEfiBEBATE ths voicc of the speaker F 

A. Because the walls are so far off 
from the speaker, .that the echo does not 
get back in time to blend with the original 
sound; and, therefore, each is heard 
separately. 

Q. Why do some echoes repeat only one 
syllable ? 

A. The further the echoing body is 
distant^ the more sound it will reflect: 
If, therefore, the echoing body be wear, 
it will repeat but one syllable. 

Q. '-Why does an echo sometimes repeat two 
or jnore syllables ? 

A. Because the echoing body is far 
off; and, therefore, there is time for one 
reflection to pass away, before another 
reaches the ear. 

N. B. All the syllables must be uttered, before the echo of 
the first syllable reaches the ear—If, therefore, a person 
repeats 7 syllables in 2 seconds of time, and hears them all 
echoed, the reflecting object is 1142 feet distant; (because 
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sound travels 1142 feet in a second, and the words take one 
second to go to the reflecting object, and one second to 
return^, 

Q. Why are two or more echoes soynetimes 
heard ? 

A. Because separate reverberating 
surfaces receive the sounds and reflect 
it in succession. 

17 miles above Glasgow (Scotland) near a mansion called 
Bosneath, is a very remarkable tcho. ^ If a trampetoT plays 
a tune and stops, the echo will begin the same tune and 
repeat it all accurately;—as soon as this echo has ceased, 
another will echo the same tune in a lower tone; and after 
the second echo has ceased, a third will succeed with equal 
fidelity, though in a much feebler tone. 

At the Lake of Kilkamey in Ireland, there is an echo 
which plays an excellent “ second " to any simple tune played 
on a bugle. \ 

Q. Why do windows rattle, when carts 
pass by a house ? 

A. 1st—Because glass is sonorous; 
and the air communicates its vibrations 
to the glass, which echoes the same 
sound: and 

2ndLly—Thetvindow-JranieheiBgshaken, 
by the sound-waves impinging against the 
window, contributes to the noise. 


* p a 2 



436 


MISCELLANEOUS. 


CHAPTER XXIX. 


MISCELLANEOUS. 


. Q. Why do the bubbles in a cup of tea 
range round the sides of the cup ? 

A. Because thfe cup attracts them, 

Q. Why do all the littbe bubbles tend 
towards the large ones ? 

A. Because the large bubbles (being 
the superior masses) attract them. 

Q. Why do the bubbles of a cup of tea 
FOLLOW a TEA-SPOON ? 

A. Because the tea-spoon attracts 
them, 

Q. Why are the sides of a pond covered with 
LEAVES, whd^ the middle of the pond is quite 
CLEAR ? 

'A. Because the shore attracts the 
leaves to itself. 

Q. Why do all fruits^ Sc, (when severed from 
the tree) fall to the earth ? 

A. Because the earth attracts them. 

Q. Why do persons (who water plants) very 
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ojten jmur the water into the saucer, and not over 
the PLANTS ? 

A. Because the water in the saucer 
is drawn up by the mould (through the 
hole at the bottom of the flower-pot), 
and is transferred to the stem and leaves 
of the plant by capillary attraction, 
(Seep. 76). 

Why is vegetation on the margin of 
RIVER more luxu^jiant, than in an open field ? 

A. Because the porous earth on the 
bank di'aws up water to the roots of the 
plants by capillary attraction. 

Q. Why is a lump of sugar (left at the 
bottom of a - cup) so long in melting ? 

A. Because (as it melts) it makes the 
tea above it heavier; and (so long as it 
remains at the bottom) is surrounded by 
tea fully saturated with sugar; in con¬ 
sequence of which, the same portions of 
liquid will hold no more sugar in solution^, 

Q. Why does the lump of sugar melt more ^ 
QUICKLY, when stirred about ? 

A. Because fresh portions of unsatu¬ 
rated tea come in contact with the lump, 
and soon dissolve it. 

p a 3 
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Q. Why does a piece of sugar (held in a 
spoon at the top of our tea) melt very rapidly? 

A. Because as the tea becomes 
sweetened^ it descends to the bottom of the 
cup by its own gravity; and/re^A portions 
of unsweetened tea are brought constantly 
into contact with the sugar, till the lump 
is entirely dissolved. 

Q. How can a sick room he "kept free f rounds 
unhealthy effluvia? 

A. By sprinkling it with vinegar 
boiled with myrrh, or camphor. 

Q. Why does lime destroy the offemive smells 
-of bins, sewers, Sc. 

A. Because it decomposes the offen¬ 
sive gases upon which the smell depends, 
and destroys them. 

Q. Why does chloride of lime fumigate a 
sick room ? 

A. Because the chlorine absorbs the 
hydrogen of the stale air; and by this 
means removes both the offensive smell, 
and the infection of a sick room. 

Q, How can tlie taint of meat he removed ? 

A. Either by washing with pyrolig- 
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EEOUS ACID,—covering it for a few hours 
with common chabcoal,— or by putting 
a few lumps of charcoal into the water in 
which it is boiled. 

Q Why do these things destbot the taint 
oj meat ? - 

A. Because they combine with the 
putrescent particles, aud neutralize their 
offensive taste and smell. 

Q. Why should bed-booms, cottages, hos¬ 
pitals, and stables, he washed occasionally with 

DIME-WHITE ? 

A. Because the lime is very caustic, 
and removes all organic matters adhering 
to the walls. 

Q. Why will strong Souchong tea poison 
flies ? 

A. Because it contains prussic acid, 
which destroys their nervous system, 

Q. Why is strong green tea unwholesome ? 

A. Because it contains prussic acid, 
which destroys the nervous system, 

Q. Why IS a DEAD man taller tha7i a living 
one P 

A, Because at death the cartilages 
are relaxed. So, also, after ^ a night’s 

P a 4 
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rest, a man is taller, than when he went 
to bed. 

Q. What is sleep ? 

A. Sleep is the rest of the brain, and 
nervous system. 

Q. Why can we not see, when we are asleep 
with our EYES OPEN ? 

A. Because the “ bet'ina of the eye” 
is inactive and at rest. 

Q. Why can we not heal in sleep P 

A. Because the nerve of hearing 
(seated within the tympanum of the ear) 
is at rest. 

Q. Why can tve not taste , when we are asleep P 

A. Because the nerves at the end of 
the tongue (called papillae) are inactive 
and at rest. 

Q.- Why can we not feel, xchen we are asleep ? 

A. Because the ends of the nerves 
(called papillae) situated in tlie -skin, 
are inactive and at rest. 

Q. Why have persons in sleep no will of 
their oivn, but may be moved at the will of any one f 

A. Because the “ cerebellum ” (or 
posterior part of the brain) is inactive 
and'at res/. 
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Q. Why have dreamers no •power of judg¬ 
ment or reason ? 

A. Because the “ cerebbum ” (or 
front of the hrain) is inactive and at rest. 

Q. Why do some persons lose all power of 

SENSATION ? 

A. Because the c£rebrum ” (or 
front of their brain) has been injured. 

Q. Why does a person feel, when he is 

TOUCHED ^ 

A. Because the ends of certain nerves 
(called PAPILL.®) situated in the skin are 
excited; and produce a nervous sensation, 
called PEELING. 

Q. Why are persons ahle to taste different 

FLAVOURS ? 

A. Because the “papilla” of the 
tongue and palate are excited^ when food 
touches them; and produce a fler^vous 
sensation, called taste. 

Q. Why are old people unable to walk ? 

A. Because their muscles become 
rigid. 


'p a 5 
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Acid, commonly called 


tf 

tt 

ft 


Acetic 
C iTBIC 
Nitric 
Oxalic 
Sulphuric „ 

Sulphate of Lime 

Magnesia 
Soda 
„ Zinc 
Nitrate of Silver 
Acetate of Copper 
Muriate of Soda 
Tartrate of Potash 
Carbonate of Ammonia 
„ Lime 
Super-acetate of Lead 


» 


ft 


ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

tt 

tt 

ft 

fy 

tt 

tt 

tt 


Distilled Vinegar. 
Juice of Lemons. 
Aqua Fortis. 

Salt of Lemons. 
Oil of Vitriol. 
Plaster of Paris. 
Epsom Salts. 
Glauber Salts. 
White Vitriol. 
Lunar Caustic. 
Verdigris. 

Table Salt. 

Tartar Emetic. 
Smelling Salts. 
Chalk, Marble, &c. 
Sugar of Lead. 


Sublimates are chemical preparations, the basis of 
which is quicksilver. In corrosive sublimates, the 
quicksilver is extinguished, eitlier by vitriol, potter’s clay, or 
some other ingredient. 

Sublimation Is a similar process to distillation; only 
solids (such as metals) are employed, instead of liquids. 

Thus the fine blue used by painters is a sublimate, and 
made thus:—Take 2 parts of quicksilver, 3 flower of 
brimstone, 8 sal ammoniac; and (having ground them) 
put tlicm with the quicksilver into a glass retort, luted at 
the bottom: place the retort in a sand-heat; and (when the 
moisture is given off) you will have a splendid blue 
sublimate for painting. 
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Absorbebs, best .... 190 
not conductors 102 
not reflectors ^ 100 
radiators .... 202 
Absorption of heat 101 
not conduction 101 
of light .... 381 
Accidentai. colours 407 
Acetate of copper .... 442 

Acetic acid.442 

Acid of drinks . 277 

of fermentation .. 278 
Acids dissolve ice .... 373 
Activity affected by cold 04 
„ „ by heat 06 

Aerated water.276 

Aeronauts feel pain 151,255 
Age affects power of 

walking .441 

Aged people far-sighted 

407,409 

Air . 244,300, 302 

always in motion .. 304 
ascends when hot .. 300 
bad conductor 13, 183, 

242 

bad radiator. 225 

cold .. 184 

colder than blood .. 188 
composed of two 
gases ...... 25, 244 

condensed by cold 300 
cooled by convection 226 
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Air cooled by rain .... 165 
cools hot iron .... 253 
density diminished 

by rain.354 

, descends when cold 300 
double current in a 

room . 302 

dries linen . 166 

elements of . 244 

expandedbyheat 107,300 
full of smells .... 157 

gets fire up . 51 

healthful .270 

heated .. 226, 252, 301 
not by sun 201, 252 


hotter when sun 

shines . 253 

in a room.302 

inflammable, see hy¬ 
drogen, 

in summer .330 

needful for fire .. 62 


of cities unhealthy 

248, 270 

of the country heal¬ 
thy . 248,270 

on land colder than 

on water .231 

on land cold at night 236 
preserved nonnal .. 250 
purified by lightning 28 
radiates no heat .. 225 
rarefied is noiseless 153 
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Air rarefied bad conduc¬ 
tor of sound 432 
„ by a crowd .. 207 

rusts iron. 2«')8 

still before a tempest 103 
use of oxygen in .. 245 
varies in temperature 352 

Air gun .105 

Air pump freezes water 377 
Aisles famous for echoes 433 
colder than galleries 255 

Alcohol . 2*/8 

boils . 122 

Ale . 112 

bottled .277 

froth of ........ 277 

,, increased by heat 

112, 277 

Alkali . 4(5 

Ammonia .283 

Anenometer . 330 

Anglers hate a magpie 159 
Angle of incidence .. 387 
of reflection .. 387 

Animal heat. 85,288 

caused by com¬ 
bustion .... 87 

Animal and vegetable 
life dependent .... 251 
Ants love honey dew .. 228 
Appetite, see hunger. 

Apples full of air .... 109 


roasted . 108 

soft. 109 

April showers .324 

Aqua fortis .442 

Argand lamps . 84 


Amott!^ stoves smell of 

sulphur .... 57 
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Amott’s stoves smoke 69 
Ascent in balloons pain¬ 
ful . 151 

Ashes soften water .. 362 
Asses bray in wet weather 154 
Atmosphere {see air) 318 
Aurora borealis .. 148, 149 
coloured .... 148 

white . 148 

a prognostic 149 

Autumn tints.420 

Avenues. 398 

Azote, see nitrogen, 

1 

Bales catch fire sponta¬ 
neously . 58 

Balloons. 15 J 

inflated. 112 

rise {see aeronauts) 112 

Balls of fire .6, 7 

Balusters wet.223 

Barley malted . 280 

Babometeb . 333 


aflected by cold .. 338 
frost .. 336 
heat .. 339 
thaw .. 337 
wind .. 336 
rules for its rise 


and fall .330 

sudden change in 340 
use of. 335 


varies most in winter 344 
„ least m summer 345 
when highest .... 345 
„ lowest .... 346 
Barren land collects no 

dew. 216 

Bass notes in music .. 428 
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Bass preserves flowers 

from frost .212 

Bathing, danger of .. 405 
„ with ether for in¬ 
flammation.. 163 
Beakers broken hy hot 

water . 128 

Beasts covered with hair 185 

Beds damp. 164 

Beer, fermentation of 278 

flat .285 

froth increased by 

bottling . 277 

froth increased by 
heat .... 1]^, 277 

stale . 285 

soured by lightning 27 
not old beer .. 27 

spoiled, if the vent- 
peg be left out 285 
yeust added to make 

it work .281 

(see vmt-peg.) 

Beer-vats dangerous .. 273 
Bells heard nt a distance 428 
cracked, sound harsh 426 
silenced by a touch 420 

Bell-metal . 426 

Bellows . 52 

Bins purified. 289 

Birds covered with fea¬ 
thers . 185 

Black .410 

cloth warm .... 103 

eyes .. .*.. 108 

glass fur spectacles 424 
hat turns red at the 

sea-side . 301 

Hole of Calcutta 208 


I’Aoe 

Black kid gloves .... J 05 

lead. 250 

prevents rust 250 

mist . 150 

skill . 197 

tea-pot . 204,205 

used by cotters 204 
set on u hob to 

• draw. 205 

will never blister 197 

Blacks. 61 

• none to railway 

engines .... 61 

Blacksmiths strike fire 

by nails . 00 

Bladders inflated by heat 

107,301 

Blaze, blue. 47 

green . 47 

yellow. 47 

between the bars 
of a grate .. 40 

Blazing coals burn 

(juickly . 40 

Blood.247, 206 

purple .248 

red .*.247,240 

Blowers . 71 

Blowing cools broth, tea, 

&c.180,329 

Blue. 442 

glasses. 423 

sky . 135 

sublimate . 142 

Body fuel of . 80 

warm .... 87, 89,280 
Boiler, see saucepan. 

Boiling. 238 

„ WATER bubbles 11"; 
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Boiling wnter cont. 

furr of. 264 

makes it flat 287 
is in a ferment 239 
kept hot .... 208 

rattles. 119 

runs over.... 118 

swells . 117 

one 230t will hot 
boil in another 120 
retarded by a spoon 120 
„ by salt, sugar 1<21 


without touching 
the boiler.... 121 
Boots hot when dusty.. 201 


Bottled ale, &c.277 

Brackish water unfit for 
railway engines .... 265 

Bracing weather. 163 

Bread heavy . 268 

made with yeast 287 

Breath exhaled .249 

inhaled .247 

visible in winter 223 
Breathing described .. 260 
(1 i fliciilt on a moun- 

tai.i.256 

previous to a storm 256 
Breeze at watering 

places.320 

evening .325 

land .... 326,327 

morning.325 

of islands .... 320 

sea. 326, 327 

sjieed of .. 327, 330 
{see wind.) 

Bricks for cold feet . . 170 
Brick «to\e'^ 180 


PACi!. 


Bricklayers cannot work 


in a frost .. 

375 

cover work with 


straw .... 

375 

Bright day exhilarating 150 

Brilliancy . 

881 

Brine retards boiling .. 

121 

tested . 

377 

Britain cloudy . 

131 

grows warmer .. 

166 

Broth cooled by breath 

254 

by convection 

254 

by stirring .. 

254 

Bubbles in tea . 

436 

of boiling water 

117 

Bulk for bulk . 

113 

Burns cured . 

163 

Burnt stick twisted 

421 

Burning glasses .... 

2, 3 

Calcutta, Black Hole of 

268 

Caloric . 

1 

Cambric handkerchiefs 


cool . 

190 

Cambridge, rain of .. 

357 

Camphor antiseptic .. 

438 

Candles . 

75 

bum . 

75 

„ blue . 

155 

cotton, not easily 


blown out .... 

80 

easily blown out 52, 79 

and rekindled .. 

53 

extinguished .... 

81 

flame blown out .. 

52 

hot . 

76 

hollow .... 

78 

pointed .... 

79 

purple below 

77 
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Caudle flame tends U])- 

wards .... 78 

yellow. 77 

Caudles, gas of.... 86, 204 
held at a door 802, 303 
hottest above the 

flame . 80 

give light . 77 

make glass damp 79 
need snuffing .... 82 

Palmer’s. 82 

prevent our seeing 
abroad .300 


reflected in a window 390 


rekindled quickly 53 
rush, easily go out 80 
shadow cast by .. 397 

smoke of. 83 

spirt .... ..161 

suddenly introduced 
give pain .... 882 
wax, need no snuff¬ 
ing . 83 

Candlestick rags catch 
lire spontaneously .. 69 


Canvass flower-awning 213 
Capillary attraction 76,437 

veins . 80 

Captain Boss.429 

Capuchin .356 

Carbon .. 35, 36, 75 

in the blood .. 260 
Carbonate of ammonia 442 

of lime. 442 

Cabbonic acid gab 30, 265 
absorbed by leaves 251 
accumulation of 
prevented .... 275 
deleterious .... 266 


I’AG F. 

Carbonic acid cont, 

detected .266 

in human bodies 86 
of the soil .... 251 
sources of .... 274 
Cabburetted hydro¬ 
gen GAS .... 292,294 


Carpets itvarm . 173 

Carriage wheel s catch fire 102 
windows misty 220 

Oasj[s charred . 73 

Cart-grease . 103 

Cathedral aisles famous 
for echoes .433 


Cats in wet weather .. 156 
prowl by niglit .. 385 
rub their ears .. 156 
see in the dark .. 384 
wink before a fire 384 
Cattle uneasy in wet 


weather . 154 

Caustic lime . 439 

lunar . 442 

Caverns famed for echoes 433 

Ceilings sooty . 72 

Cellars cold in summer 257 
warm in winter 257 

Cerebellum . 440 

Cerebrum .441 

Ehalk.442 

LJhampagne acid .... 277 

Charcoal . 73 

bad conductor .. 172 
fire very hot .... 73 

„ deleterious .. 273 
purifies water .. 73 


removes taint .... 73 


Charring bread . 74 

- casks %. 73 
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PAGE 

Charring wood . 74 

Chemical action .... 82 

Chestnuts crack when 

roasted .... 107 
not if slit .... 108 

Chimney pots . 71 

flues long .. 63 

„ short .. 64 

raised above a 
house .... 63, 68 
Chimnets smoke .... ^ 62 
if a room be too 

close .... 62 

remedy .... 63 

in old farm hous¬ 
es . 70 

valleys .... 67 

vestries .... 66 

remedy .. 67 

in wind .. 71,114 
if too long .. 63,118 
„ short .... 64 

remedy .. 65 

large .... 70 

remedy .. 70 

when the draught 
is slack .... 64, 70 
when the door is on 
the same side .. 68 

remedy .... 6^ 

when it needs re¬ 
pairing .... 69 

sweeping. 69 

when two fires are 
in one room .. 66 

remedy .... 66 

China broken by hot 


w ater . 128 

Chlorophyll .419 


PAGE 

Choke damp .... 272, 292 
Church bells heard at a 

distance 153,428 
congregation drowsy 270 
Churchyards smell offen¬ 


sively .296 

Chyle .247 

Chyme .247 

Cider acid .247 

Cinders, iron. 44 


lighter than coals 44 
soon heated .. 44 

will not blaze .. 49 

Cirro-cumulus clouds 

139, 140 

Cirro-stratus clouds .. 140 
Cirrus clouds .... 137,139 


Citizens pale ........ 248 

Citric acid .442 

City air unhealthy 270, 271 
Clay for furnaces .... 180 

Clean kettles . 193 

Cleanliness connected 

with die dietary 96 

poverty. 96 

Clear day overcast .... 320 
fire bums slowly 40 


nights exhilarating 150 


Clocks heard at a dis¬ 
tance .428 

Close rooms unhealthy 268 
Cloth collects but litfle 

dew.215 

Clothes gather damp in 

summer .217 

wet . 163 

Clothing for workmen 170 


promotes warmth 181 
Cloudiest countries .. 132 
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PAGE 


Gloudb . 130 

absorbed by wind 184 
cause of ........ 131 

cirro-camulus .. 139 
cirro-stratus .... 140 

classes of . 137 

colour of .... 133,135 

compound . 140 

cum ulo-stratus .. 141 

cumulus. 138 

differ from fog 130,234 
dissipated .. 134,143 
distance from tbe 

earth .^ 132 

edgcsmostluminous4i7 

electrical. 133 

fall in rainy weather 354 

fantastic. 134 

float . 131 


gathered by wind 142 
height of .... 5,132 
highest and lowest 132 
highest in a fine day 123 
increased by wind 184 
intermediate .... 139 

light . 123 

morning red .... 130 

motion of . 130 

nimbus . 141 

red .135,410 

round mountain tops 142 

simple . 137 

size of . 133 

stratus .. p .138 

sun-set . 143 

thickness of .... 133 
how ascertained 133 
vaiy in shape .... 183 
in colour .... 130 


PAGE 

Clouds continued. 

where most abundan 1132 


where least.182 

use of. 142 

velocity of .330 

wind affects them 131,134 

yellow. 143,144 

Cloudy night warm .. 211 
oppressive 150 

Coal gas.293 

/nines explode .... 294 

Coals black . 419 

smoke . 41 

Coffee, spontaneous com¬ 
bustion of . 59 

Coke . 57 

for fuel . 44 


spontaneous com¬ 
bustion of .... 58 

Cold weathlb affects 

the barometer 330, 344 
makes us love fat 92 
activity .. 94 

out of doors .... 329 
promotes hunger 93 
Colder some things than 

others. 171 

Colds from wet clothes 104 

Collapsing . 109,301 

Colour of clouds .... 131 
electricity .... 30 

Colours .410 

dark warm .... 194 
light cold .... 194 

vary .418 

Combiniiig not mixing 26 
Combustion (see fire) 85 
cause of ........ 38 

chemistry ^f .. 35,39 
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PAGE 

Combustion continued. 


elements of .... 38 

heat of . 35 

increased by wind 52 
in the veins .... 8G 
produces light .. 48 

spontaneous .... 57 


Communication ofHEAT 170 


Compound clouds .... 140 

Compression . 104 

Condensation .. 102,^104 

Condensed air .301 

Conduction . 170 

not absorption 191 
Conductors, best .... 171 
worst . 172 


not absorbers .. 191 
of lightning .. 22 

dangerous .... 24 

Convection .... 220,238 
Convective currents 252, 302 
cool broth .... 254 
Convective currents cool 

iron . 253 

Cooking vessels with 


wooden handles .... 172 
Cooper applies hothoops 125 
Copper sonorous .... 420 

tarnishes.200 

Copper hole . 01 

roars . 61 

not when the 
door is open .. 62 

Cork driven out by heat 112 

Cornea .400 

Corns ache in wet wea- 

ihei. 257 

Corpse cold . 98 

Corrosive sullimates .. 442 


PAUB 

Cotton bales catch tire 58 
spontaneously 58 
candles hard to 
blow out .... 80 

handkerchiefs hot 190 
Countries most cloudy 132 

least . 132 

Country air salubri¬ 
ous . 248,270 

Countrymen enjoy health 270 
ruddy .... 248 

Cowls . 68,114 

Crowds dangerous in a 

r- storm . 19 

produce drowsiness 270 
head ache .. 267 
vitiate air .... 207 
unhealthy .... 268 
Crucibles made of plati¬ 
num .203 

Culinaiy- vessels .... 207 
have wooden handles 172 
should be sooty .... 207 
Cultivation promotes dew 216 


warmth . 167 

Cumulo-stratus clouds 141 
Cumulus clouds .... 139 

Cup in a pie . 123 

use of. 124 

why full of juice 124 
Currents of air .302 

Damp balusters.223 

bedr> . 164 

clothes .218 

house .223 

Danger in a storm .. 12 

in attics and cellars 16 
a crowd . 19 
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Daugei in a theatre, &e. 10 

before a lire .... JO 

near a tree . 18 

river ... 11 

fioeks and herds are 
exposed to .... 10 

thosu Avhu bar shut¬ 


ters . IM 

those who drive fast 10 
lean against a 

wall. 17 

or carriage .. ^0 

who ring bells 14, 17 
run . . . . 1-0 

Dark colours warm .. 104 
radiate heat 2t)3 

Davy, Sir n.204 

Day-light produces hun¬ 
ger . 01 

mitigates cold 91 
Dead bodies cohl .... 08 

smell . 207 

taller tliau living 480 

Deafuess .481 

Deal snaps in (ire .... 11(( 
Decanting liquor .... 2<‘s() 

spirting _ 207 

Decomposition .27-4 

Deejiwaterfreezcs slowly 372 
Depression of spirits .. 150 
Descent in a diving bell 

painful . 152 

Deserts hot ami dazzling 421 

Dew . 200 

cause of. 233 

deleterious. 227 

differs from rain .. 233 
di>»tilled after a hot 


day.22;j 


I'AOK 

Dew in line nights only 210 
esiiecially if the 
wind is westerly 225 
unequally .... 214 
ill open places .. 211 
in valleys and hollows 213 

on clothes . 218 

cultivated lauds 21G 

* grass . 21G 

hail'. 224 

hat . 224 

• leaves, &c.215 

none beneath a tree 211 


a 11 ower awning 212 

hedge or wall 212 

none in a cloudy 

night . 210 

in a windy night 213 

especially if east 

erly. 224 


none on stones, cloth 213 
deserts, gravel, me¬ 
tal, rocks, wool 216 
Dcw-dr()2)s round .... 220 

flattened.229 

roll on cabbages .. 229 
„ roses* .... 230 

Digestion . 04 

Dinner covers .208 

Dirt warm . OG 

Distant bells heard .. 428 

clocks.430 

objects appear small 

399,400 

sight . 407,409 

spectacles for .. 408 
Di'itance makes things 

invisihle. 4 *'12 

Di?tilled viijegar .... 442 

Q a 
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Divers suffer pain 152, 250 

Diving bell. 152 

Doors swell and shrink 157 
Dogs uneasy in wet 

weather . 154 

Dough fermented .... 287 
set before a lire to 

rise..^. 2H8 

Double concave glasses 407 
convex glasses 408,409 
Draining lands promote 

warmth . 160 

Draught at a door .. 021 
key-hole .. 300 
Aviudow .. 331 

slack. 64, 17 

Dreams .441 

Drops of rain roll on d ust 230 
Drowned men restored 103 
Drowsiness at church 270 

Drums .427 

Dry toast for iuvsdids 74 
wood for kindling 45 
burns best .... Ill 
snaps about .. Ill 

Dryest months .340 

Dublin, rain of . 357 

Duck dry in water .... 230 

Dullness. 381,421 

Dunghills hot.. 289 

Dusty shoes hot .... 201 

Ear trumpets.431 

Earth, bad conductor 188 
cool in summer .. 188 
cools after sun-set 200 
^ in a fine night 210 

craekh by frost .. 374 
crumbles spring 374 


VAOK 

Earth warm in Avinter 188 
W'anner than air by 

day .210 

Earth-fog .228 

Eai'tlien tea- 2 )ots . .. 205 
set on a hob to draAv 205 

East Avind cold . 316 

dry . 316 

prevents dew .. 224 
E at more in cold Aveatlier !)3 
less in Avarm „ 93 

Echo . 432,433 

Echoes, two or more .. 435 
,remarkable .... 435 
Effects OF HEAT .... 106 
Effervescence .... 276 
soon subsides 287 
Effervescing draughts 276 
Egg, comiioiient parts of 284 
discolors silver siioons 283 
ncAv-laid, cold .... 185 

stole, AA'arm . J84 

„ smells offensively 284 

tests brine . 377 

tested. 185 

Egj'pt not cloudy .... 132 
Electricity affects tbe 

clouds .... 133, 136 

colour of . 30 

excited by friction 29 
felt at the elbow 

joints . 30 

hot . 29 

odour of. 30 

of clouds .... 3,4, 136 
IDOsitive & negative 17 
resinous & vitreous 13 
source of heat .. 3 

Electi'ic telegraph .... 31 
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Elements of nir . So 

of fuel. 35 

Emetic tartar. 443 

England grows warmer 

and warmer .. 136 

WINDS of .310 

east (liy . 318 

morning at watering 

places.370 

most prevalent .. 816 

nortli cold .319 

north-cast dry .. 321 

soiitli rainy.320 

„ warm ...... 320 

south west rainy .. 321 

west rainy .320 

when highest .... 31 (5 
„ lowest .... 317 
See March wind, 

Epsom salts .442 

Esquimaux love blubber 04 
Equatorial current .... 311 

Ether . 48 

boils . 122 

used for freezing 370 


,, inllainmation, 
scalds, burns 103 
European skin white .. 108 


Evapokation . 102 

freezes .... 377 

of sea.300 

Evening clouds 135, 143 

grey . 146 


red .135,143,410 
yellow 143,144 
Evening bainbow .. 147 
Evergreens frost-bitten 230 
Ewers broken by frost 300 
Expansion by heat 100,124 


Explosion of roasted 

chestnuts .. 107 
of gunpowder .. 108 

of mines.294 

Extinguishers . 81 

made of paper 81 
Eyes adapt themselves 

• to light. 383 


affected by blue 

glasses .... 423 
^ affected by fire-liglit 422 
„ sudden light 382 


„ the sun .. 423 

black . 198 

cornea of .40G 

retina of. 406 

two, use of.380 

„ sec single .. 38G 
Face soon scorched .. 202 

Fanning. 185, 329 

Farsight . 407,409 


spectacles for .. 408 
Fat men swim best .. 379 
Fat pleasant in winter 92 
not in summer 95 
Feathers wann ...... 182 

Feeling .441 

Feet cold before a fire 54 
wet dangerous .. 103 

Fermentation .278 

differ from putre¬ 
faction .... 282 
of dough .... 287 
requires water 285 
Fender and fire-irons 

cold . 102 

Fiddle-strings musical 427 
snap from wet 350 
Fine'weatherAraces .. 153 

Q a 2 
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Fine weather, indica¬ 
tions of . J4.r) 

Finger feels cold when 

wet . H»‘2 

Fibe . ^0 

air needful for .. 02 

bellows use of .. n2 
bhiok and red .... 40 

blazes. 40 

not in frost .... 40 

burns blue. ]o4 

cause of . 

charcoal . 73 

dangerous .. 273 

clear .40,30 

dani^i .292 


Fire continued. 

radiates heat .... 202 

red hot . 30, 371 

rellccliMl on win¬ 
dows . 390 

anil dulls it. 30 

thaw dulls it .... .32 

wind intenses it .. 32 

JS'ee combitstiun. 

Fire-irons cold . 102 

rust . 2.38 


„ most in winter 230 
„ prevented .. 250 
Fishes a.sceud and dive 380 
seem nearer than 
they are .... 40f3 


differs from animal 

heat. 88 

dull, cause of .... C4 
effect upon the 

eyes. 384, 422 

extinguished .... .35 

by water .... 65,111 


fiercest in winter f30 
out of doors .. 51 

gas generated by 87 
grotesque figures in 42 

heat of .288 

how increased 30, 04 
hot . 30 


kindled at the bottom 44 
light dazzles .... 383 
variable .... 49 

lighted with paper 
and wood .... 42 

luminous . 47 

m>dts metal .... 129 

mott^d . 41 

pokeF drav-s up .. 63 


cold. 97 

Flame of a candle .. 70 

described. 78 

blown out easily 79 

damp . 70 

hollow . 77 

hot . 70 

hottest above .. 80 

luminous. 77 

pointed. 78 

jiurjdo & yellow 77, 78 

smokes. 83 

Flame of a lire between 

the bars of a grate 46 

blue. 47 

grecu . 47 

yellow. 47 

Flannel warm . 97 

used for foot-warm¬ 
ers . 179 

Flash, see lightning 

Flat beer, &c. 283 

iron. IGl 
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Flavour discerned by 

the taste.441 

Flux burns spontaneously 08 
Flint and steel strike fire 100 
Flocks dangerous in 

storms. Jf) 

Flowing water freezes 

slowly. 37f) 

makes rough ice 371 

oscillates .304 

pure .304 

Flower awnings arrest 

dew. 12 

purify air . . 271 

Flowers smell sweetest 
at night and before 

rain.158 

Flues . 03 

blacked .204 

longgoodfordraught 05 
short bad „ 04,05 

Sec chimney. 

Flutes.427 

Fly poison . 439 

Fogs . 232 

arrest sound .... 430 

• cause of . 131 

difters from cloud 

130, 234 

mist .233 

dispersed by wind 235 
„ by sun 233 

frozen.237 

ill autumn .234 

in marshes.232 

in valleys .235 

none in a frosty uiglit 234 

Food converted to blood 247 
cooled by the breath 329 


PAG E 

; Food, want of produces 

I hunger . 02 

I laziness . 02 

I aversion to clean- 

I liuess . 90 

j „ to ventilation 97 

I Foot prints frozen .... 306 

Foot Y^irmers. 179 

Forked lightning .... 5 

Forests catch fire spon¬ 
taneously . 104 

• cold. 107 

France warmer than of 

yore.108 

Freezing mixtures 377 
Friction {see rubbing') 102 
excites electricity 29 
sets forests cii fire 104 

Frogs cold . 97 

Frost afPects barometer 330 
„ sound .. 420 

braces. 153 

breaks ewers .... 300 

„ tiles, stones, rock 300 

„ pipes . 308 

cracks earth .... 374 
,, mortar .. 375 
expands water .. 360 
oil windows .... 220 
prevents fog .... 234 

stops work . 375 

warmer than thaw 373 
Froth of beer .... 112, 277 
of fermentation 285 
Frozen w'ater warm .. 371 
ruts and foot- 


prints . 360 

! Fruits cool tlie blood 9.5 

* - 1 I X xT- _ _xl- i n/"* 


' fall to eai'th .. 430 
Q t 3 
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Fruits pleasant in sum¬ 
mer . 95 

Fuel, dry burns well .. 45 

elements of .... 35 

for the body .... 89 

wet bums badly .. 45 


Fulgurites . 30 

Fumigation for sipjc 

rooms.438 

Funnel {see flues) .... 63 

Fub, bad conductor .. 172 
for clothing .... ifi'l 

warm .183 

Furnaces of brick .... 180 
lined with clay 180 

Furr of kettles . 2G4 

steam-engines dan¬ 
gerous . 264 

Gallery hot. 255, 332 

Gas. 115,244 

differs from liquid .. 245 

elastic . 245 

invisible.244 

jet of . 81 

of candles . 294 

Gauze wire of safety- 

lamps .295 

prevents explosion 295 
German silver tarnishes 262 

German tinder . 104 

Germany warmer than 

of yore .108 

Ghosts . 297 

Gideon’s miracle .... 217 

Ginger-pop . 277 

acid .... 277 
Glasses broken by hot 

water . 127 


PAGE 

Glasses continued. 

broken if set on a 

hob . 128 

covered with mist 221 
„ if brought from 

cellar .... 222 
dulled by a hot hand 221 
„ by breath, &c. 222 
mist of, soon sub¬ 
sides .... 221 
See spectacles. 


Glass n reflector. 396 

soon cools .. 218,221 
See lookitiff-glass. 

Glauber salts.442 

Gloves, black kid .... 195 
Lisle thread .. 195 
Glow-worms glisten by 

night . 385 

Gluten . 281 

ferments .... 282 


God’s wisdom 215,217, 317, 

360, 374 

Gold never tarnishes .. 262 
Grape-juice needs no 


yeast . 284 

Grape, sugar of. 298 

ferments. 278 


makes alcoliol .. 270 
„ carbonic acid 279 
Grapes never ferment 284 
Grass promotes cold .. 167 
collects dew .... 210 
Grate {see stoves). 

Gravel collects no dew 216 

Gravity . 43G 

Gray morning, sign of a 

fine day .... 145 
evening, sign of wet 140 
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Guease liked in cold 

weather .... 92 

loathed in hot .. 05 

prevents rust .. 159 
used for wheels 102 

Green colour . 419 

wood does not burn 111 
,, does not snap 

when burned 110 
Grottoes famous for 


echoes .433 

Ground frost . 234 

Growth promoted by 

moonlight .. 220 

(Jiills fly to sea . KiO 

to laud .... 160 
Gunpowder explodes .. 108 
Gusty weather makes a 
smoky house . 71 

Hail . 352 

accompanied with 
tliiiiider .... 352 
cause of. 352 


fulls in summer 352 
Hair, bad conductor .. 172 
covered with dew 224 j 
Halls fuinous for echoes 433 
Ilido round the moon 149 
Handles, wooden .... 172 


metal . 172 

Hard work promotes 

hunger. 90 

water bac^for wash 

ing . 201 

Hartshorn .283 

Hat covered with dew 224 
turned red at the sea¬ 
side . 301 


PAGE 

Hawks see near and fur 410 
Hay stacks catch hre 
sxiontimeously .... 59 

Haze round tlie sun .. 140 
„ the moon 149 
affects sound .. 430 
Heud aches in a crowd 207 
itches in wet weadier 157 


Hearfii-rug wonn ,.,, 175 
Hearth-stone cold .. 175 
hot .... 170 

Heat . I 

absorbed . 32 

and light . 48 


affects barometer 339 
„ sound ., 429 
animal .. 85,249, 288 
applied to the bot¬ 
tom of boilers 239 
communication of 170 
conduction of .. 170 
effects of .... 2, 100 

evolved . 32 

„ by compress¬ 
ion .... 104 
exxiunds air .... 107 
„ wftfer .. 370 
from beaten iron 98 
increased by accu- 
niiilatioii .... 58 

LATENT .... 33, 99 


of candles .... 70 

dunghills .. 289 

lire . 288 

ioe . 33 

human bodies 87 

Ihne . 291 

radiates .202 

reflection of .... 199 
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Heat, sensation of .... 1 

sources of .. 2 to 100 

Heavy bread . 288 

Hemp, spontaneous com¬ 
bustion of . o8 

Herds dangerous in 

storms . 19 

Hedges increase waring 107 
Hills larger in a fog .. 1 f)4 
Hoah frost . 235 


not found on trees 237 
under shrubs, &c. 937 
of frozen fog .... 2f37 
on clear nights onlv 235 

on grass . 236 

„ tombstones .. 190 
very partial .... 230 

Honey-DEW .227 

ants fond of .. 228 
effects of .... 227 
injures plants 227 
Hoops used red-hot .. 125 
Horses strike lire ... 101 

snuff up air .. 158 
uneasy in dull 
weather .... 154 
Hot cloudV night op- 


23ressive . 150 

Hot water . 208 


melts sugar .. 363 
Hot weather abates ac¬ 
tivity .... 9(5 

abates appetite 95 
jirodiices love of 

fruit .... 95 

„ didike of 
^ grease .. 95 

Hottest place at church 

255, 332 


- PAGE 

Houses catch lire si^oii- 

taiieoiisly .. 57 

gather damp . 223 

smoke in valleys (>7 
Hull of ships seen lust 403 

Hunger . 90 to 94 

promoted by cold 93 
„ day-light .. 91 

„ rapid digestion 94 
„ singing. S 2 )eak- 

iug, work 91 
See appetite. 

Hydrogen gas .... 30, 75 
of fuel .... 246 

Tce . 3(i5 

ooutiiiris heat .... 33 

di->&olved by acids 373 
friction 104 
salt .. 373 
sun .. 129 
grows thicker .... 370 
lighter than water 306 ■ 
ice-hergs faiiious for 

echoes . 433 

Ignis fatuus .. 297, 2!)9 
cause of .... 297 
Impure water purified 73 
Iiidiuii mode of striking 

lire . 102 

Tnflamiiiiihle air .. 30, 75 
Insects iu wet weatlier 150 
Insensible perspiration 219 
Intemiediale oJonds .. 139 
Iron allectt'd bv light- 

¥ O 


ning . 31 

cinders . 44 

cold . 175 


contains Intent heat 99 
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PAGE 


Iron cooled by air ■. • • 253 
„ convection 253 
„ radiation 253 
good conductor .. 102 
heated by blows .» 98 

rust . 258 

„ when most com¬ 
mon .258 

„ prevented .. 259 

,, scales . 258 

sonorous . 426 

stoves . 180 

Ironing box . 161 


Islands equable in tem¬ 
perature .... 327 
subject to wind 326,327 
Itching in wet weather 156 

Jack o’l an thorn {see ig¬ 
nis fatuus) .297 

Java {see jungles') .... 209 
Jet of flame through bars 40 
Juice of lemons .... 442 
Jungle of Hindostau fatal 269 


Kendal rainy .357 

Keswick rainy .357 


Kettle boils over .. 118 
quickly when cov¬ 
ered with soot 193 
slowly when clean 193 


„ when new 193 
bottom should be 

soqty .206 

cold when water 

boils .207 

fiirr of .264 

holder . 173 

lid clean .206 


PAGE 

Kettle lid hot .207 

not full after boiling 118 

runs over . 118 

through the spout 118 

sings . 116 

steam of .241 

top bright .206 

Kid gloves . 195 

Killorney, echo of .. 435 

Kindling fires . 42 

dry . 45 

' wet. 45 

Ladies’ fan .329 

Lakes whichnever freeze 372 

Lamps .. 75 

Argand . 84 

smoke . 84 

spirt . 161 

See candle. 

Lamp-glasses . 85 

Land air cold . 231 

breeze unhealthy 326 
cools faster than 

water .231 

Laplanders clad in skin 190 
Latent heat .... 33, 99 

Laundress .•.161 

Laziness promoted by 

want of food 92 

by heat . 96 

Lead, dullness of . . 201 
tarnish of .... 261 
Leaves absorb carbonic 

acid .251 

collect dew nne 

qiially .... 214 
exhale ox}'gen .. 250 

green . 419 

in a ^ond .436 
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Leaves continued. 

light green in spring 420 
pale in dark places 420 
promote cold .. 107 
yellow in autumn 420 
Lemons, juice of .... 442 
salt of .... 442 
Lid of kettle bright . 200 

hot 207 

rattles .. 110 


Light bread .287 

colours cool .. 104 
Light . 47,380 


absorbed .381 

composed of vari¬ 
ous colours 410,417 
divided by a prism 410 
from a flint .... 100 
of candles .... 77 

fire . 47, 49 

houses, trees, &c. 381 

the sun .381 

reflected.381 

sjieed of. 380 

sudden painful„ .. 382 

Lighting fires . 42 

Lightning . 3 

aflects iron & steel 31 
„ electric tele¬ 
graph .. 31 

balls . 6 

barks & siiax)s trees 

20, 30 

comes from clouds 16 
from eartli 10 
conductors ' .... 22 

dangerous .. 24 

followed by rain 10 
„ by wind 10 


PAGE 


Lightning continued, 
follows dry weather, 

not wet . 28 

forked . 5 

fuses metal .... 27 

kills animals .... 7 

knocks down hous¬ 
es, churches, &c. 24 

magnetic . 31 

maims . 7 


passes down the out¬ 
side of a tree .. 13 

passes through the 


inside of animals 14 
produces fulgurites 30 
purifies air .... 28 

rare in winter .. 28 

returning stroke 17 
scorches trees .. 29 

shf^et . 6 

speed of . 12 

straight . 5 

summer. 11 

common in 28 
turns beer sour .. 27 

milk sour .. 25 

not old beer 27 
not porter .. 27 

two flashes .... 5 


Sec danger, sqfetg. 
Lilac steel rusts .... 2GC 
prevented .. 200 
Lime and water .. 20, 32 


burned .291 

hot . 291 


purifies bins 289, 438 
„ sewers 289, 438 
quick or caustic .. 291 
Lime-wash for rooms 438 























INDEX. 


463 


PAOI-; 


Linfoln, rain of . S*')? 

liine of incidence . 387 

of reflection . 387 

Linen cool wear . J90 

dried . KIG, 332 

Linseed oil boils . 122 

Liquefaction . , 129 

LI(2UIDS . . IJo 

bad conductors . 238 

cooled . . 240 

heated . . 239 

not elastic . 240 

Lisle thread jyloves . 19;”) 

Liver 2 )ool, rain of .» 3”>7 

London fog . . 232 

rain of . 3o7 

Long flues . . .113 

grass promotes cold 107 
Logs, two bum better 


than one . . 43 

Set' u'ood. 

Looking-glass . . 38() 

a reflector . 3H0 

reflects onr image 
approaching, &c. 388 
reflects our whole 
person , . 389 

Lucifer matches . 297 

Tamar caustic . . 442 

Lungs described . 250 


Mack.'irel scales, &c. . 140 

Maciiitosh prevents c«)ld 104 
Madness froinr-starvatioii 89 
Magnetic effects of light 
iiing . . . 31 

Magi)ies indicate wea¬ 
ther . . . 139 

Malt ... 281 


PAGE 

Malting . . . 280 

Man a swimmer . 379 

fat swims best . 379 

no bigger than a 
crow . . 400 

Manchester, rain of . 337 

Marble . . . 442 

Maii£H comes in like a 

lion . . 322 

goes out like alamb 322 
^ dry good, wet bad 323 
flowers undesirable 323 
use of . . 322 

wind dry . 322 

j Marsh gas . . 292 

Mast of ships seen first 403 
Meat-covers . . 209 

Meat liked in cold wea- 

tlier . . 93 

loathed in hot 95 
roasted by reflectors 200 
taint removed . 438 

tainted by moon¬ 
light . . 223 

Mechanical action . 98 

Mercury of barometer 334 
bright . . 262 

concave . . 342 

convex . 342 

its rise and fall 341 to 347 
ri>cs from beat . 127 

Metal collects no dew 213 
conductors . 171 

feels colder tha.ii 

wood . 173 

hotter than wool 113 
fused by fire . 129 

by lightning 27 
good Qt>ndnctor . 171 
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!• XGK 

Metal liaiidles bum 172 
reflectors . . 200 

teu-pots . . 205 

Milk soured by lightning 25 
IMiiiers’ dnngar . . 205 

prevented 266 
Mirror . . . 38(5 

Mist arrests sound , 430 
black . . . 150 

cause of . 228,230 

differs from cloud 131 
dew . 22h 

fog 233 
on windows . 218 

seems to rise . 220 

vanislies at sunrise 

220, 233 
white . . .151 

Mixing not combining 25 
Money hot in u pocket 174 
Monsoon . . 314,316 

Months, driest . 346 

wettest . . 340 

Moon, distance and size 401 
largest nt horizon 

154, 390 
reflected in water 394 
seems flat . .401 

larger than stars 401 
Moonlight makes plants 

grow . . 227 

taints meat . 220 

Morning breeze . 320 

gray . . 145 

raiiLbow . .140 

red . 130,145,417 

streams . . ISO 

Mortar . . 291 

adhesive . . 291 


r\GK 

Mortar crumbles . 375 

hardens . .291 

Mutes in a sunbeam 25.5 
Mould hardened by suii 108 
Mountains cloudy . 142 

cold . . 105,201 

collect rain . 355 

famous for echoes 433 
imx>ede resxiiration 250 
noiseless . . 432 

Muriate of soda . 442 

Murky nights oppressive 151 
Musical instruments . 427 

^ flat 428 

glasses . . 427 

notes . . 428 

sounds . . 425 

Myrrli antisci)tic . 438 

Nails for matches . 09 

Naves fitted on hot . 125 

Near-sight . 40.5,400 

si)ectacles for . 400 

Negative electricity 10 

Negroes, why black . 107 

with black eves 108 

m/ 

New kettles boil slowlv 103 
Night allays hunger . 01 

exhilarating . 150 

oiixiressive . . 150 

produces cold . 91 

rainbow at . . 147 

warm, when cloudy 211 
Nimbus cloudy' . .141 

Nitrate of silver . 442 

Nitric acid . 25, 28,442 

Niti’ogen . . .38 

expired . 249, 207 
of air . . 240 
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North wind cold . 319 

dry . 319 

North-east wind dry 321,336 
Northern lights . 148,149 

Notes bass . . 428 

flat ... 428 

sharp . . . 428 

treble . . 428 

November rainy . . 324 

Odour of electricity . 30 

Oil, elements of . 75 

linseed . . . 122 

of turpentine boil* 122 
of vitriol . . 442 

Old people far sighted 407 
hold objects at a 
distance . 409 

lose their power 
of walking . 441 
spectacles for 408 

One iiot will not boil in 

another . 120 

how to make it 
boil , . 121 

Out of-door work pro¬ 
duces hunger . . 92 

Owls prowl at night 385 

sec in the dark . 384 

sleep all day . 384 

Oxalic acid . . 442 

Oxide of copper . 260 

iron . . 258 

lead.» . 261 

jilatinura . 262 

])otasaiuin 263 

silver . .261 

sodium . 203 

Oxygen . . 36,37 


Oxygen continued. 


exhaled by leaves 

250 

heats the blood . 

249 

in tlie blood 

206 

inhaled 

247 

makes blood red 

247 

fuel burn 

240 

of air . 

101 

its use 

245 


supports combus- 
^ tion . 101,245 

sustains life . 246 


Paleness . . 248 

Palmer’s candles . 82 

Paper burns . . 42 

not always 40, 54 
extinguishers . 81 

puckers from wet 356 
used for kindling 42 
Papillie . . . 441 

Paris, plaster of . . 442 

rain of . . 357 

Parlours smell of smoke 


in summer 

. 72 

Partition walls to arrest 

sound 

431 

Pea-soup fog . 

232 

Pearl divers deaf 

. 152 

Percussion . 

98 

Perspiration 

91, 219 

Petals 

418 

Petrels 

. 160 

Phosphate of lime 

297 

Phosphorus 

200, 297 

Phosphurbtted 

HY- 

DROGEN GAS . 

296, 298 

Piano-fortes . 

428 

Pickle testeck 

. 377 
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INDEX 


p\Gr' 

Pie with a cup . 

full of juice . . 124 

Pin puts a caudle out RJ3 
Pipes broken by frost 30S 

Piston . . . J05 

Plants collect dew . 214 

grow out of walls 333 
after moon¬ 
light . 227 

Plaster of Paris . 442 

of stoves falls 

away . 12B 

Plasterers cannot work 
in frost . . . 37o 

Platinum . . 203 

Plate warmer . 100,200 

Platinimi, its use . 203 

never tamisbes 202 
Ploughing promotes 

warmth . . 107 

Plumbago . . . 250 

prevents rust 250 
Poison for flies . . 430 

Poker draws up lire 53 

cold . . 178,102 

how to carry it 

wiien hot . 242 
rusts . . 258 

rust of, prevented 250 
Polar current . . 311 

Polish, use of . . 180 

Polished metal teapots 204 
Ponds dried up . . 108 

Poor averse to cleaidincss 00 
ventilation 07 
lazy . . .02 

Pores of wood . 110 

Porter, fr^ th of . 112, 277 

sr t before a fire 112 


VAa\: 

Porter, stale . 285 

vats dangerous 273 
Positive electricity .... 10 

Potatoes, green .420 

yellow ... < 420 
Potash, tartrate of .... 442 

Potassium . 203 

burns in water 203 
Primrose vellow.419 


Prisms divide light.... 411 
Pump handle cold .... 174 
water hard .... 300 
Purple steel rusts .... 200 
its rust prevented 200 

Putrefaction . 283 

differs from 
fermentation 282 
Putrefying bodies smell 

283, 297 

Quadrupeds swim .... 379 
Quick lime absorbs car¬ 
bonic acid .... 275,291 
Quick-silver bright.... 202 
extinguished 442 
Quiet precedes storm 153 

Hadiation . 202, 254 

cools iron .. 254 
Radiators are absorbers 202 

bad. 179 

Rugs catch lire sponta¬ 
neously . 58 

esiiccially candle-rags 50 
Railway steamers .... 224 
water for .. 265 

Rain . 853 

affected by wind .. 354 
after lightning .. 10 
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Rain arrcstM sound .... 4:29 

cause of. 233 

clouds bode .... 141 

cools air. 105 

differs from dew .. 233 
disi^els carb. acid 275 
falls ill drops .... 353 
fertilizing .. 324, 355 
from passing clouds 354 
heaviest in summer 358 
least at the poles 358 
most in mountain¬ 
ous places .... 355 
most in winter 324, 358 
near the equator .. 358 


not salt .363 

on dust . 230 

cabbages .... 230 
rose-leaves .. 230 
prognostics of.... 145 

purifies air.355 

sudden change .. 340 

Rainuow . 411,412 

colours "reversed 414 

morning. 14G 

night . 147 

Rainbows two.413 

Rain drops. 353 

vary in size 354 
Rain water smells offen¬ 
sively . 302 

Rain-water fertilizing 324 

soft.301 

stagnant .. 304 
unpleasant 302 

Rainy months .358 

parts of England 357 
Rare air bad for sound 432 
Rattling of kettle lid .. 119 


TaOH 

Ray of light divided .. 410 
Reading aloud produces 


hunger . 01 

Red colour. 248,418 

rose. 418 

sky . 135,410 

sun-rise .... 136, 145 
sun-set .... 143,145 

Reflected light . 381 

Reflection of heat 199 
in a mirror .... 389 

• in water . 380 

Reflectoes ........ 100 

help the roast.... 200 


keep kitchen cool 201 
not absorbers .... 190 
should be clean and 
bright .... 190, 100 
should not be paint¬ 


ed. 100 

Refeaction .403 

Refrangible. 135 

Resinous electricity .. 17 

Retina.406 


Returning stroke .... 17 

Reverberation .... 432,433 

Rice for food .. 90 

Rive ns flow slowest at 

sides . 305 

freeze unequally 

309,371 
invert our im age 300 
never frozen at 
bottom .... 360 
not wholly frozen 370 
shallow freeze 

fastest. 371 

seem shallower 
than they are 405 





























468 


INDEX 


PAGE 

Bivers warm when frozen d71 

Boast apples . 108 

soft.108 

chestnuts. 107 

Bead dark from a light 

room . 382 

Bocks collect no dew .. 216 
broken by frost 306 
Boom cooled .... 165,332 
currents of air 
in a .... 302,303 
ventilated .... 3S3 
vitiated by a crowd 332 


warmed by fire 208 

Rose red . 418 

Bosiieath, echo of ... dSo 

Boss Captain.420 

Rotation of eartli 305, 300 
Rotting leaves promote 

cold. 107 

Rubbing.102 


hands to warm 
them .... 103 
melts ice .... 104 
restores sus¬ 
pended ani¬ 
mation .... 103 
wood excites 


fire . 102 

8ee friction. 

Ruddiness .248 

Ruins famed for echoes 433 
Running promotes 

warmth . 00 

Running water freezes 

slowly.370 

makes rough ice 371 
oscillates .... 304 


. promotes warmth 90 


PAGE 


Running water pure .. 

364 

Rush lights easily blown 


out . 

80 

extinguished by a 


pin . 

83 

Rust . 

258 

prevented ., 

250 

when most trouble- 


some . 

250 

Rustics healthy. 

270 

Ruts frozen . 

366 

Safety in a storm 


abroad 20, 21 

, 22 

at a slight distance 


from a tree .. 

20 

• best to be wet 

22 

in a carriage .... 

20 

in bed . 

21 

in-doors . 

21 

Safety-lamp .... 204, 

205 

Sailors rarely catch cold 

165 

St Bride’s church de- 


stroyed by lightning 

25 

Salt . 

442 

and snow cold 34, 

374 

and water boils 


slowly .... 

121. 

bad for washing 

360 

crackles in a lire 

46 

dissolves ice .... 

373 

dissolved by water 

362 

especially by hot 


water . 

363 

flavours water 

263 

of lemons ... .. 

442 

retards boiling .. 

121 

smelling . 

442 

white . 

410 
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Suit water unfit for rail¬ 
way eugiiies .. 2G4 


Salts, Ex^som .442 

Sand dazzling . 421 

Saturday’s kettle boils 

fastest .206 

Saucexniii boils best 


when black .. 206 
slowly when new 205 
lids sliould be clean 
and bright .. 206 

Scald cured . 163 

Scum of fermentation 285 
Sea-beach healtliy in the 

morning A 326 
nothealthy at night 326 
Sea before storm .... 152 
gives out heat .... 328 
heaves and sighs .. 152 
less hot than land 308 
not much heated by 


sun . 308 

Sea gulls . JGO 

Sea-vapour not salt .. 169 
Sea- water easier to swim 

in than fresh 377 

heavy . 363 

rarely frozen .. 372 
„ gives cold 165 

salt . 363 

Sea-waves . 328 

Sedentarypursuits abate 

liunger . 92 

Seeing in a glass .. 386 
into a darlc street 396 
„ light room 382 


ourselves in a small 

mirror .389 

the same object .. 382 


PAOR 


Seeing when used to 

darkness .... 383 
Sensation destroyed .. 441 
of feeling .. 441 
of taste .... 441 
Sewers iniritied .... 289 

Shade cool . 189 

Shadow in water 389, 390 

Shadow larger as the 
object aiijiroachcs a 

light . 397 

Shallow water soon 

freezes . 371 

Sheen .421 

Sheexi bleat . 154 

Sheet lightning .... 0 

Sheets wet . 164 

Shixis out at sea .... 403 

hull of, first seen 403 

Shirts of linen . 190 


Shoes cold when wet .. 163 
hot when dusty 201 
Shower cools air .... 165 
Sick rooms purified .. 438 
Sides of a pond covered 


with leaves .430 

Sight effected by stiddeii 

light . 382 

SiLVEB meat-covers .. 200 

should not be 
chased .. 209 

nitrate of .442 

tarnishes .261 

Simmering . 115 

Simple clouds . J37 

Singing of a kettle .. 116 


of boiling water ’117 
|)ruduces hunger 91 
Single inagpm unlucky 159 
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TAGH 

Size (limiliislied by clist- 

anae . 309,400 

Skin, black does not 

sporcli .... 198 
white does .... 198 

itches . 157 

Sleep elongates the body 439 
body feels not in 440 
dreams in ...... 441 

ears hear not in .. 440 
eyes see not in .. 440 
mind wills not in 440 
tongue tastes not in 440 


Sleet . 349 

Slit chestnuts . 108 

Smelling suits .442 


Smells iii wet weather 157 
of bins and sewers 2S9 
church yards .. SOO 
putrefying bodies 2N3 

Smoke . 41, 00 

ascends . GO 

curls . 00 

falls .158 

„ down a chimney 03 

of fresh coals .. 41 

caildles . 83 

lamps diminished 


by a glass ., 85 

red liot coals .. 41 

rises . 113 

useful in cooking 207 
Smoky chimneys .... 62 

See chimney. 

Smoke-jacks . 114 

Snow .. 348 

arrests sound .... 429 
bad conductor.... 300 
crtflTse of. 349 


PAOK 

Snow falls in winter .. 349 
„ not in summer 351 
like wool ........ 181 

nourishes the eartli 350 
on mountains .... 351 

soon melts beneath 
a hedge or wall 213 


use of.349 

warm . 349,350 

white . 351,419 

Snow and salt cold 34, 374 

Soap . 361 

cleansing .361 

hard, soft .301 

yellow. 361 

Soap bubbles. 415 

change colour 415 
Soapy water bubbles ., 366 
Soda, muriate of .... 442 

water.276 

„ acid .... 277 

Sodium . 203 

decomposes water 203 

Soft soap . 361 

water for washing 301 

Solids. 115 

Sonorous things .... 425 

Soot ill suinraer. 72 

on ceilings.. 72 

Sooty kettles . 193 

Sound .425 

affected by frost .. 430 
heat .. 430 
arrestecl by mist 430 
wet .. 429 
diminished by rari¬ 
ty of air .432 

heard best by night 430 
in a frost 428 
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Sound inaudible on 

mountains .. 432 
Sound, velocity of .... 425 

Sounds musical. 425 

prevented from 
passing from 
room to room 430 
Sources of heat ... 1—8 

South wind rainy 320, 837 
warm .... 310 
South-west wind rainy 321 
Sparks from a tire .... 110 
a flint .... 100 
a horse-shoe 101 


Spectacles .407 

black .. 424 

blue.423 

for aged .408 

„ near sights . • 406 

Spectrum . 425 

Split bells .426 


Sponge swells when wet 356 
Spontaneous combustion 

57, 58, 87 

Spoons become dull .. 261 
bent in water .. 404 
discoloured by 

eggs .283 

retard boiling .. 120 
Speaking promotes hunger 01 

Spring best late.323 

bracing . 153 

cracks the earth 514 

sparkles.278 

verdure •.420 

water cool .... 189 
Springs prevent freezing 372 
Sprinkling to cool rooms 165 
Stagnant water . 364 


PAG a 

Stagnant water full of 

worms . . 364 

Stale beer, &c. {see beer) 285 
Stars distance and size of 400 
invisible by day .. 385 

seem flat . 401 

seen in a well .... 385 
seen on mountains 304 

tvfinkle .422 

Starvation . 89 

produces dirtiness 96 
• laziness 92 

leanness 89 
madness 89 

Steam . 130 

engines burst .... 241 
invisible .... 119, 241 

of a kettle . 241 

„ locomotive .. 224 

why visible. 119 

what becomes of it 120 
Steel affected by light¬ 
ning . 31 

and flint make a 

spark . 100 

purple . 260 

rusts .. ^ 260 

prevented 260 
Stick burnt makes a 

circle of light. 421 

Stillness before a storm 153 
Stirring cools broth, &c. 254 
Stockings difficult to draw 

on when wet . 357 

Stones broken by frost 300 

cold . 175 

collect no dew .. 215 
snaj) in fire .... Ill 
unfit for fuel .... 45 
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PAGE 

Stobms . 153 

direction of .... 39 

follow dry weather 28 
places of danger in 13 
„ safety in 20 
prevail in summer 
and aiitimm .. 28 

rare in wet weather 29 
Stoves crack when 

lighted .... 12G 
w'hen cooling .. 12C 

of bricks. 1^0 

on a floor .... 54, 343 

rust. 208 

most in winter 259 
not often .... 259 
prevented.... 259 
settings fall away 120 
warm a room .... 241 


Strata of air . 9 

Stratus clouds .138 

Straw covered over brick¬ 
work .375 

Straw covered over trees 370 
water-pipes 370 
Street dark from a light 

room ..382 

Streets seem to meet at 

bottom .... 398 

watered . 105 

Striking iron makes it 

hot . 98 

Struggling in water dan¬ 
gerous . 378 

-Stucco peals off in frost 375 

Sublimates .442 

SubliTiation .442 

Sudd«:n light painful .. 382 
Sooar . 278 


PA&e 

Sugar at top of tea melts 


quickly .438 

ferments .278 


flavours water .. 303 
left at the bottom of 
n melts slowly 437 

makes alcohol .. 279 
„ carbonic acid 279 
melted by water .. 303 
„ especially by hot 


water. 303 

of lead . 442 

retards boiling .. 121 
stirred melts quickly 437 

v.hite .419 

Sulphate of lime .... 442 

magnesia .442 

soda .442 

zinc .442 

Sulphuric r.cid .442 

and water 32 
boils 122 
Summer, air in .... 330 
allays hunger .. 95 


clothes for .... 194 
creates dislike of 


grease .. 95 

„ love of fruit .. 95 

lightning . 11 

Sun-beams full of motes 255 
Sun affects eyes .... 423 

dazzles . 383 

dulls lire . 50 

hardens earth .. 108 


largest at horizon 

154, 395 
not seen in a well 391 
radiates heat .... 203 
reflected in water 393 
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Sun seems flut .401 

source of heat .. 

Sun rise red .... 136,145 

Sun-set gray . 146 

red . 143, 146 

yellow .. 143.144 
Super-acetate of lead 442 
Suspended animation 

restored . 103 

Swallows fly low .... 158 
Swan dry in water .. 230 
Sweet-wort needs yeast 282 
Swimmers sink .... 378 

Swimming . 379 

ill the sea .. 377 
Syrup boils . 122 

Table salt .442 

Tainted meat cured 73,438 
in moonlight 226 

water . 73 

Tallow . 70 

Tamish .200 

Tartar emetic .442 

Tartrate of potash .. 442 
Tarts have a cup inside 123 
full of juice .... 124 

Taste . 441 

Tea cooled by blowing 266 
by stirring .... 254 
in a saucer .. ICO 
green deleterious 430 
poison for flies 430 
Tea-pot, brigl^ metal 204 
tarnishes .. 261 
black eartli .... 204 
preferred by some 204 
set on a hob .. 205 
Tcu spoons tarnished 261 


PAGE 

Tea spoons tarnished 


by eggs . 283 

Telescopes . 402 

Tempest . 153 


aflfects weather 343 
See storms. 

Thaumatrope .... 337,421 
THAW*affects barometer 347 

cold . 373 

Thaw dulls fire .... 52 

Thermometer .. 127, 333 
'ftiick clothing unheal thy 170 
Thread gloves cool .. 105 


ThunDEB . 8 

after lightning .. 11 

holts {seej'ufffurifes) 11 

deep growl. 9 

irregular roar .. 8 

one crnsh . 6 

rolling . 10 


See dangery safety^ sioi’m. 
Tigers prowl by night 386 
see in the dark 384 
sleep all day .. 384 
Tiles broken by frost 3G6 
Timber charred ^ .... 74 

Tin blowers . 71 

foot-warmers .... 179 
„ covered with 


flannel .. 179 
plate-warmer .... 196 

reflectors .201 

See reflectors. 

Tinder blown . 100 

Toast and water .... 74 

dry for the sick 74 
Tomb-stones frosted .. lOG 

Tongs mst . 250 

pr^'ented .. 259 
B a 2 
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Trade-wimls .... 310, 314: 


Transparency . 428 

Treble . 428 

Trees barked by light¬ 
ning .... 29 


collect dew .. 211 
covered with 

bass, &c. , . 370 

look more dis¬ 
tant in a fog 154 
not frost-bitten 23G 
promote warmth 167 
purify air .... 271 
shade of, cool 189 
Tube of barometer .. 334 


Tubs dried up . 168 

Tumblers {see giasses.) 

Twilight’ .417 

Twinkling of stars .. 422 

Two eyes . 386 

„ see single .. 380 
logs bum best .. 45 

Unslit chestnuts .... 108 
Use of barometers .. 335 
clouds . 142 


smoke in cooking 207 
snow . 349 

Valley chimneys smoke 67 

Vaporization . 130 

Vapour forms fog and 

cloud .... 234 
of a carriage .. 220 
of a room .... 219 
of sea not suit 169 

Vats f.itol . 273 

Vege'.able and animal 

life dependent .. 251 


PAOB 


Vegetables absorb car¬ 
bonic acid .. 251 
agreeable in sum¬ 
mer . 95 

collect dew .. 5^14 
cool the blood 95 
exhale oxygen 250 
Velocity of clouds .. 330 
light .... 360 
sound .... 434 
wind .... 330 

Vent peg . 285 

Ventilation .... 97, 332 
sought by the well- 

fed . 97 

„ notby the ill-fed 97 

Verdigris .442 

Vertical sun . 305 

Vestry chimneys smoke 66 
Vinegar antiseptic .. 438 
distilled .... 442 

Violets blue .418 

Violins musical .... 427 
Vitreous electricity .. 17 

Vitriol, oil of . 442 

white .442 


Walls to arrest sound 431 
wet in winter .. 222 
„ in a thaw .. 222 
Want connected with 

dirt . 96 

Warm clothes . 194 

some things more 
than others 171 
Warming rooms .... 242 
Wash-hand basin .... 177 
Washing, water for . 290 

should notbe hard 360 
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Water (see rain) 38, 359 
iincl lime .... 26, 32 
anil sulphuric acid 32 
ashes soften .... 362 
bad conductor 177, 240 
boiling 122, 239, 240 
bubbles 117, 239 
rattles .... 119 
runs over .. 118 
sings .... lie 
cleans dirty linen 361 

cold . 177 

converted to steam 

130, 35Q 
cools slowly . . 231 

deep, freezes slowly 371 
dried up in summer 108 
expands by frost 307 
by heat 368 
extinguishes lire 111 
„ not always 55,56 
flat when boiled . 287 

fluid . 359 

flowing, pure .. 364 
for washing .... 290 
freezes at the sur¬ 
face . 369 

frozen by ether . 370 

„ air-pumi) 377 
furr of . . 264 

hard . . 300 

„ agreeable to drink 290 
„ milit for washing 360 
how preserved cool 198 
„ • hot 198,208 

heated . . 238 

intenses lire . 55 

inverts images . 389 

melts sugar, salt, &c. 362 


PAG 14 

Water melts sugar, &c., 

especially hot 363 
mixed with salt, 

boils slower 122 
needful for ferment¬ 
ation . . 285 

not heated above 
^ boiling . 240 

of a spring cool . 189 

oscillates . 366 

purified . , 73 

* l^urifies bins, &c. 289 
reflects sun by a spot 394 
„ moonbyapath 394 
running, keeps pure 364 
salt, bad for wash¬ 
ing . . 360 

shallow, freezes 

fastest . 371 

simmers . . 115 

slackens flame 56 
soft . 290, 361 

„ best for washing 361 
sparkles . . 278 

stagnant . . 364 

,, full of worms 364 
stale . •. . 287 

swells with boiling 117 
will not bubble 

without soap 365 
warm when frozen 371 
Water pipes broken by 

frost • 368 

covered with litter 376 
Watering plants by the 

saucer . 436 

streets . 165 

Waves . . : 328 

Wax ... 75 
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Wax caudles need no 

snuffing . . 83 

Weather affected by 

tempests . 343 
affected by weight 
of air . . 334 

prognostics of 140 
told by barometer 333 
rules for . . 336 

Weather>toys . 350, Sr)7 

Well, moon seen in . 303 

stars seen in . 302- 

sun not seen in 301 

Westwindpromotes dew 

rainy . , 320 

Wet clothes cold . 163 

feet dangerous . 163 

finger cold . 162 

’ indications of 145—140 
kindling . . 45 

ni ght oppre s sive 151 

sheets . . l()4 

summer, cold win¬ 
ter . . . 166 

weather offensive 

151,154 

Wettest months . 346 

Wheels catch fire . 102 

greased . . 103 

kept cool by water 168 
Wheel-ruts frozen . 366 

Wheelwright . .125 

WttiTE . . . 419 

blisters . .198 

body linen . 193 

crust on clothes . 169 

dresses for summer 194 
„ not fit for win¬ 
ter . . 194 


PAGE 

White mist . . 1.51 

vitriol . . . 442 

Wicks cotton, need 

snuffing . . 82 

gas of . . 294 

have a knob when 
long . . 82 

not upright when 
long . . 82 

Palmer’s wicks need 
no snuffing . 82 

rekindled quickly 53, 56 
smoke . . 83 

See candles. 

Will o’ the wisp, (see 
ignis fatuus.) . . 207 

Wind . . 200,333 

affects barometer 

336,337 
„ clouds . 134, 136 

after lightning . 10 

altered by clouds 309 
by electricity 136 
by seas 308, 309 
always blows . 304 

brings clouds . 142 

dry . 321 

rain. . 321 

cause of . 299, 304 

changes the shape 
of clouds . 131,134 
cold . 176,187,319 

dispels clouds 134, 143 
fog . . 235 

draws up'fire . 52 

dries linen . . 332 

effect on air . 300 

feels hot sometimes 187 
in England . 316, 328 
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Wind increases clouds 134 
makes barometer 

fall . 836 

„ chimneys smoke 

67,114 

near mountains 309 

of a morning , 325 

of an evening . 325 

prevents dew . 213 

rate of travelling 330 
regular . , 310 

See England, monsoon, north, 
8outh,wesl, ^c. trade-winds, 
dtc. 

Winding passages famed * 
for echoes . . 433 

Windows blazing widi 

the sun . 390 

not at noon 390 

covered with frost 220 
mist 218 
carriage dull . 220 

rattle . . . 435 

Wine glasses {^seeglasses') 
Wine, fermentation of 278 
made without yeast 284 
Winter clothing . .182 

cold . . 166 

promotes hunger 93 
Wisdom of God 215, 217, 

369, 374 

Wood ashes soften water 362 


PAGE 

Wood continued. 

bums . . 42 

„ spontaneously 56 
charred . 73,74 

hot at one end, cold 
at the other 171 
ignited by friction 102 
kindling . . 42,43 

* » di^ . « 45 

,, wet . 45 

made incombustible 46 
^ sends forth sparks 110 
snaps . . . 108 

two logs bum best 45 
will not melt . 130 

Wooden handles . 172 

Wool bad conductor 172 
collects no dew . 215 

warm . 182,ot^r 

Woollen clothing . 181 

kettle-holders 173 
Work produces hunger 90 

Yeast . . . 281 

makes light bread 287 
not used in wine 284 
used in bre|riiig 281 
Yellow flame gives best 

light . . 48 

soap . . 361 

sun-set sign of wet 

143, 144 
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JARROLD AND SONS, PRINTERS, NORWICH 




IMPORTANT EDUCATIONAL WORKS, 

PUBLISHED BY 

JAKROLD & SONS, 47, ST. PAUL’S CHURCHYARD, 

LONDON. 



GRAMMAR SCHOOL, NORWICH. 


UNIFORM W^ITH DR. BllEW'ER'S ** GUIDE TO SCIENCE;’' 

A NEW EDITION (THE SEVENTH) OF 

Allison’s Guide to English IRstory ^ 

Entirely re-written and greatly improved by tlie REV. DR, 
BREWER, Head Master of King’s College School, Norwjch. 
This manual of English History contains not only a 
biographical account of the monarchs both before and 
since the Conquest, but what is of infinitely greater impor¬ 
tance, the laws tliat were passed, the celebrated characters 
that lived, and tlie discoveries that were made in each 
reign; showing tlie effect produced by tliese combined 
circumstances on the character, manners, and morals of 
the nation. This popular work, which has passed rapidly 
through several editions, is so simple in its arrangements, 
and so perspicuous in style, that it.is suited to tlie child 



























who can but just read, and yet is so full and complete in 
all its parts, that a full-g^own man may gatlier from it a 
thorough knowledge of the moral, political, and historical 
progress of the nation, from the earliest to the present time. 
454 pages, embossed cloth, price 3s. 


IN THE PRESS. 

AIR, THE FOOD AS WELL AS THE 
BREATH OF LIFE. 

BY BOBEBT JAMES MANN, M. B. G. 8. 

Author of** The Pla?ietary 4r Stellar Universe^ 


Bond’s Child’s Question Book 

OF USEFUL ^OWlEDGE. 

Thv.- object aimed at in this little work is to simplify 
and facilitate the process of instruction, and present in 
an easy, attractive, and intelligible form, useful infor¬ 
mation on the common things with which the observation 
of children from four to eight or ten years of age is 
daily conver.sant. It contains information on various 
subjects connected with food, clothing, fuel, medicine, and 
other urcicles of personal comfort and domestic utility; the 
productions of nature, and the creations of art; the con¬ 
tributions of the soil, the mine, and the ocean, to the wants 
^nd wealtl^ of society; the divisions and distinctions of 
time; the order and variety of the seasons; useful statistics 
of weight, measure, and distance; explanation of numerical 
terms ; the origin and design of particular days, observan¬ 
ces, and festivals; descriptions of various metals, coins, 
woods, fruits, liquids; tlie natural divisions of the earth ; 
useful definitions in Arithmetic, Geography, Natural 
Plistory, and Geometry; the climate, weather, clouds, and 
other phenomena of the atmosphere; the h '^avenly bodies ; 
the first principles of language and punctuation; the 
different ranks and orders of society; national institutions ; 
useful instruments and inventions; and other topics on 
which children are often left in profound ignorance, or 
suffered to form false, delusive, and injurious ideas, la. 



Dr. Brewer’s Arithmetical Tables. 

Ill this manual the glaring errors of the Table-books 
in common use have been corrected, and the weights and 
measures of England, France, and America, have been 
adapted to the legislative regulations, and to the present 
practice of trade. Third Edition, price Crf. 

Dr. Brewer’s Book-Keeping, 

BY SINGLE ENTRY. 

Every one who has been trained to •commercial pursuits 
will testify to the absurdity of the mode in which Book¬ 
keeping is generally taught. A thorough reformation is 
required: Dr. Brewer has tlierefore supplied a system, 
distinguished alike for its great 'simplicity akd practi¬ 
cal UTILITY, which may in some measure be inferred from 
the following statemente ^ 

1. All the items of the Book have been selected from 
Bills actually issued for payment within the last two ^ears. 

2. All the Invoices are faithful transcripts of bona fide 
transactions between wholesale houses of distinguished 
reputation, and their country customers. The pupil, 
therefore, instead of copying imaginary articles of suppo¬ 
sititious value, never heard of beyond the precincts of a 
school-room, will be made familiar with the very style and 
technicalities adopted by merchants in transactions of trade. 

3. Explanatory notes have been added w'heuever any 
contraction, arbitrary sign, technical expression, or difficulty 
of calculation has occurred. 

4. While the mind and skill of the pupil are thus 
exercised, tlie teacher is spared all trouble and needless 
expenditure of time by referring to the Key. 

By the use of this judicious and practical system of 
Book-keeping, any pupil fob a few shillings may 

BE made COMPETENT TO ENTER UPON THE DUTIES OF 

A Counting-house. Third edition. 

Price 2s. Tutor’s Key, 2s. A complete Set of Ruled 
Books for the System, r»s. 

Dr. Brewer’s Poetical Chronology 

OF ENGLISH HISTORY. Price.^i*. C<f. 



HISTOBICAL TALES OF 


ILLUSTRIOUS BRITISH CHILDREN; 

BY AGNES STRICKLAND. 

♦ Authoress of tlhe “ Lives of the Queens of England.*' 


It is the object of this work to offer to the Young a series 
of moral and instructive tales, each founded on some 
^'jBtriking authentic fact in the annals of their own country, 
which royal or distinguished children were engaged; 
and in which it ip the autlior’s wish to convey, in a 
pleasing form, useful and entertaining information, illus¬ 
trative of the manners, customs, and costume of the era 


connected with the events of every story; to which is also 
added, an Historical Su'lnmary, which the author recom¬ 
mends to the attention of tlie juvenile reader, as containing 
many interesting particular? not generally to be met with 
ill abridged histories. Boyal^mo. 200 pages. Embossed 
Cloth, 2s. Gd. GUt Edges, 3s. 


Wakefield’s Mental Improvement; 

Or the Beauties and Wonders of Nature and Art. The 
design of this work is to excite the curiosity of young 
persons on the various objects which daily come under 
their observation, and to bring into active exercise habits of 
thought and reflection. The form of dialogue has been 
adopted, as best suited to convey instriu ion witli amuse¬ 
ment, it being the desire of the author tnat it should be 
read as an entertainment, and not shunned as a mere 
preceptive lesson. New and improved edition, price 2s. 6d. 


BIBLE STORIES FOR CHILDREN, 

BY LUCY BARTON; 

With Preliminary Verses by Bernard Barton. 

In this volume the authoress has selected some of the 
touching and beautiful narratives recorded in holy w rit, 
descriptive of scenes calculated most powerfully to*appeal 
to the best feelings of the youthful heart. These stories 
a\'e'comprised in a series of letters to children, and are 
narrated in language which they cannot fail to understand. 
Price Is. 6d. 



The Easiest Coarse of Elementary Works In tho 
Erencli and Italian liangna^es. 



Ylieland’s Le Petit Manuel; 

oil FIRST STEP TO FRENCH MADE EAST ; 

Is SO arranged as to form an Easy Beginning Grammar, ^ 
Vocabulary, and a Phrase Book; and is allowed to be the^ 
simplest introductory book to tlie French Language which 
has yet been pu iished. It will also be found a most useful 
COMPANION FOR THE Toubist. Third Edition, price 3s. 

Ylielahd’s First French Redder; 

OR LECONS FRANCAISES: 

Mainly on the plan of Arnold’s “Henry’s First Latin 
Book.” Third Edition, 3a. 

Ylieland’s French Speaking Teacher; 

OR VIVA YOOE PRACTICE IN FRENCH CONVERSATION; 

Accompanied by explanations of idiomatical difficulties, and 
an APPROPRIATE SELECTION OF POETRY, to be learned by 
the pupil; and followed by an explanatory Dictionary of 
every word contained in the work. New Edition. Price 
2s. 6d. The Tutor’s Key to the above, pricfC 2s. Cei. 






































Ylieland’s Easy French Grammar; 

Price 4£. M, 


Ylieland’s French Chit-Chat: 

A Sequel to the French Speaking Teacher. Price 2s. OU. 


Ylieland’s French Parsing and 

Dictation. 

Thio is the first work of the kind that lias been published 
ill this country, pur^rosely adapted for the English scholar. 
It contains progressive lessons in French parsing and 
die* ion, accompanied by a synopsis of French Grammar. 
Priv. 2s. ^ 

Ylip’'.*nd's FrencbGenders made easy, 

And r'rench Multum in Parvk^ Tlie matter contained in 
this little book is of the greatest utility, and can only be 
found dispersed in yorinus expensive works. Price 6e/. 


Ylieland’s French Speaking 
Yocahnlary; 



outaining more than 4.000 words in general use. Price Od. 

Ylieland’s Glancnr Francais: 


Containing an amusing and interesting melange of 
hisloriattes^ conversntionSy dialoqvoSt scenes dramatiques, &c. 
The whole adapted both for the use of the amateur and 
advanced scholar in the French language. Price 3s. 


Ylieland’s First Italian Reader: 

w S 

Mainly on tlie plan of Arnold’s “Henry’s First Latin 
Book.” Price 2s. Od. 


Tins series of Elementary Works on the French and 
ITA7.JAN XANauAGEs tire Confidently recommended as the 
siMPLESa: and most correct for the use of students in 
those linages. 



SERMONS FOR VILLAGE AND FAMILY READING. 



UISIIOP hair's PALAOK, NOltWICH. 


f;OW READY, DEMY 12mo, EMBOSSED CLOTH, PRICE 4s. Od. 
UNIFORM WITH “ROBERTS' VILLAGE SERMONS. 


SERMONS ON THE HISTORIES^ 
OF SCRIPTURE, 

BY THE BEV. ARTHUB EOBEBTS, M. A. 

BKCTOK OF WOODUISINO, 


CONTENTS. The Expulsion from Paradise—'The 
Acceptable Sacrifice—The Ark of Refuge—The Covenant 
with Noah—Abraham’s Journey to Canaan—Melchizidek, 
king of Salem—Abraham’s pleading for S6dom—Lot’s 
Flight from Sodom—Abraham's Faith Tried—The Mount 
of the Lord—Esau despises his Birthright—Jacob’s Lad** 
der—The Wrestling of Jacob—The Famine in Egypt— 
Joseph Reconciled to his Brethren—Joseph’s Caution to 
' his Brethren—The Choice of Moses —The Deliverance of 
Israel—Moses sent unto Pharaoh—Pharaoh—The Egypt¬ 
ian trlost Destroyed—Marah's Water Sweetened—The 
Manna—The Rock in floreb—The War wifh Amalek. 
































PUBLIHHIXO ll^ TO&9, AT EACH, Xf^RDSQaiELY 

BOUND IN EMBOSSED CDOTH. 

'VILLAGE SERMONS, 

BY THE REV. ARTHUR ROBERTS, M. A. 

KKCrOK OF \tOODRISING, NORFOLK. 


BBIE7 EXTRACTS FBOM THE NOTICES OF THE I'BESH 


From the “ Ohristian Fndy's Magazine” whilst edited by 

Charlotte Elizabeth. 

“ The -errions are sulTciently plain in diction to meet 
the comprL’u‘i..‘:ion of a vei ^ humble class ; marked with a 
peculiar earjc.stness of afieci^nate pleading, well calculated 
to rouse the attention botl> tK" hearers and readers. We 
found their ^ ''•nsal both pleasing and -prolitable in no 
ordinary degree.” «. 

From the “ Chrislian Witness” February, 184:7. 

“ In point of simplicity lliey are not unworthy of Legh 
Richmond; thoroughly evangelical, varied in stmeturo, 
^and diversified in character; pathetic, pungent, and j^rac- 
tieal; direct and colloquial, according to the nature of tlie 
theme. The sermons, as a whole, may be pronounced 
models of popular preaching.” 

Ffrdm the “ Churihtnan's Monthly Review” March, 184“ , 

“ We should be glad to see them stilP more generally 
known, and cannot but tliink that those of our friends Mho 
request us from time to time to recommend them village 
sermons, would find themselves well satisfied with these 
excellent specimens of village pastoral teaching.” 

From the “ Christian Guardian,” May, 1847. 

“ This is decidedly one of the most vab able collections 
of sermons that have issued from the press in modern days. 

For f unily i»urposes on Sunday evenings, or for cottage 
lecture^', they will be fouud not a whit behind Burdcr aud 
Cooper, and in some respects preferable ; and more than 
this in theif ]^Tise we cannot easily ssy.” 








